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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. 
As used herein: 


1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose failure to perform, when proper- ably be expected to cause the failure of the life support 
ly used in accordance with instructions for use provided device or system, or to affect its safety or effectiveness. 


with the product, can be reasonably expected to result in 
significant injury to the user. 
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INTRODUCTION 


Driven by the new advanced technologies developed internally by SGS-THOMSON 
Microelectronics, the ST9 family of microcontrollers offers advanced peripheral func- 
tions, an 8/16 bit core and ROM/EPROM/EEPROM plus RAM capabilities. This family 
of products is based on a common core of features, with variations in the peripheral 
organisation to suit the different requirements of the middle to high end embedded 
applications. 


The ST9 family of microcontrollers offers a powerful CISC based Core, capable of 16 
bit operations, built in Timer Watchdog functions for secure operation, Serial Peripheral 
Interfaces adaptable to low-cost external I“C-bus, S-bus and IM-bus devices plus an 
external memory interface with full, expandable vectored interrupt and DMA facilities. 
The instruction set encompasses 14 addressing modes linked with 187 instruction 
types with special instructions added for improved efficiency of the high level language 
development tools. 


The peripherals linked to this Core include Multifunction Timers, with operating modes 
to cover almost all timing requirements, including the optior of DMA to the timing 
constants and the triggering of other on-chip peripherals such as the Analog-to-Digital 
Converter. This converter, offering 8 bit resolution, includes an automatic threshold 
sensing watchdog on two of its 8 multiplexed input channels. Serial communication is 
handled (in addition to the SPI) by the Serial Communication is Interface, a fast 
asynchronous and byte synchronous interface with capability. This, together with the 
automatic DMA operation and the Address/9th bit of the character word, simplifies 
network operation. 
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INTRODUCTION 


Memory options range from ROMLESS devices for flexibility, ERROM based prototyp- 
ing vehicles, OTP for pre-production runs and ROM for volume production in the 64K 
program space, while the separate 64K data space (expandable to 8M bytes for both 
program and data spaces with the Bankswitch logic) includes RAM and high-reliability 
EEPROM. The RAM exists in addition to the versatile Register File - 224 General 
Purpose Registers all with Arithmetic (8 and 16 bit) capability, Stack, and Index pointer 
mechanisms, and functions as fast access RAM memory. 16 Registers hold the system 
functions, the two independent stack pointers and I/O port data registers for immediate 
access, while the top 16 bytes of the Register File is paged, with pages containing the 
standard peripheral data and control registers. 


New peripheral functions are in development to expand the ST9 family, leading to 
devices suitable for applications ranging from TV and VCR to Automotive Multiplex 
Wiring Systems and High Security banking applications. 


The selection guide which follows in the next section shows the current ST9 family 
members, with all the packaging options. 
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DATASHEETS 


SA 


SGS-THOMSON 
MICROELECTRONICS $T9026,ST9027,ST9028 


16K ROM HCMOS MCUs WITH RAM 


Single chip microcontroller with 16K bytes of 
ROM, 256 bytes of RAM and 256 bytes of register 
file with 224 general purpose registers available 
as RAM, accumulators or index pointers. 


8/16 bit CORE with full feature DMA controller, a 
powerful interrupt handler and a Standard Serial 
Peripheral Interface (SPI) handling S-bus, I@C- 
bus, IM-bus and Standard Serial Peripheral In- 
terfaces. 


Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 


A 16 bit Multifunction Timer module, with an 8 bit 
prescaler and 12 operating modes, allowing 
simple use for complex waveform generation and 
measurement, PWM functions and many other 
system timing operations. 


Full function Serial Communications Interface 
with 110 to 375000 baud rate generator, asyn- 
chronous and byte synchronous capability (fully 
programmable format) and address/wake-up bit 
option. 


On-chip DMA channels associated to the Multi- 
function Timer and the Serial Communications 
Interface. 


Up to five 8 bit I/O ports with programmable input 
thresholds and output characteristics. Alternative 
functions allow the full use of all pins. 


Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 


48-pin Dual in Line Plastic package for ST9026. 
40-pin Dual in Line Plastic package for ST9027. 


44-lead Plastic Leaded Chip Carrier package for 
ST9028. 


May 1991 


PDIP48 


(Ordering Information at the end of the datasheet) 


Figure 1. ST9026 Pin Configuration 
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Figure 2. ST9027 Pin Configuration Figure 3. ST9028 Pin Configuration 
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Figure 4. ST902X Block Diagram 
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GENERAL DESCRIPTION 


The ST9026, ST9027 and ST9028 (following men- 
tioned as ST902X) are ROM members of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectro- 
nics using a proprietary n-well HCMOS process. 


The ROM parts are fully compatible with their 
EPROM versions, which may be used for the proto- 
typing and pre-production phases of development, 
and can be configured as: standalone microcon- 
trollers with 16K bytes of on-chip ROM, microcon- 
trollers able to manage up to 112K bytes of external 
memory, or as parallel processing elements in a 
system with other processors and peripheral con- 
trollers. 


Akey point of the ST902X architecture is its modu- 
lar approach which allows software commonality 
with all other members of the ST9 family. 


The nucleus of the modular design of the ST902X 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, I*C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST902X 
with up to 40 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to five 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
an address/data bus for interfacing external mem- 
ory, timer inputs and outputs, external interrupts 
and serial or parallel I/O with or without handshake. 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (internal and external), Data Memory (ex- 
ternal) and the Register File, which includes the 
control and status registers of the on-chip periphe- 
rals. 


The 16 bit MultiFunction Timer, with an 8 bit Pres- 
caler and 12 operating modes allows simple use 
for complex waveform generation and measure- 
ment, PWM functions and many other system tim- 
ing functions by the usage of the two associated 
DMA channels for each timer. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 
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PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance_state along with 
Port 0 and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST902X ac- 
cesses on-chip memory, DS is held high during the 
whole memory cycle. It can be placed in_a high 
impedance state along with Port 0, Port 1, AS and 
R/W. ? 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. It can be placed in_a high 
impedance state along with Port 0, Port 1, AS and 
DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
contained in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


Vpp. Main Power Supply Voltage (+5V +10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0- 
P5.7. /O Port Lines (Input/Output, TTL or CMOS 
compatible). 8 lines grouped into I/O ports of 8 bits, 
bit programmable under program control as 
general purpose 1/O or as Alternate functions (see 
next section). 


I/O Port Alternate Functions. Each pin of the I/O 
ports of the ST902X may assume software pro- 
grammable Alternative Functions as shown in the 
Pin Configuration Drawings. Due to Bonding op- 
tions for the packages, some functions may not be 
present, Table 1 shows the Functions allocated to 
each I/O Port pins and a summary of packages for 
which they are available. 
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PIN DESCRIPTION (Continued) 
Table 1. ST902X I/O Port Alternate Function Summary 
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PIN DESCRIPTION (Continued) 
Table 1. ST902X 1/O Port Alternate Function Summary (Continued) 
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ST902X CORE 


The Core or Central Processing Unit (CPU) of the 
ST902xX includes the 8 bit Arithmetic Logic Unit and 
the 16 bit Program Counter, System and User 
Stack Pointers. The microcoded Instruction Set is 
highly optimised for both byte (8 bit) and word (16 
bit) data, BCD and Boolean data types, with 14 
addressing modes. Two 8 bit I/O ports are con- 
nected to the Core module for external memory 
interfacing, while a 16 bit Timer/Watchdog gives 
system security and timing functions, and a Serial 
Peripheral Interface allows for synchronous com- 
munication. Three independent buses are control- 
led by the Core, a 16 bit Memory bus, an 8 bit 
Register addressing bus and a 6 bit Interrupt/DMA 
bus connected to the interrupt and DMA controllers 
in the on-chip peripherals and the Core. This 
multiple bus architecture allows a high degree of 
pipelining and parallel operation within the 
ST902X, giving it its efficiency in both numerical 
calculations and communication with the on-chip 
peripherals. 


Figure 5. Memory Spaces 
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MEMORY 


The memory of the ST902xX is functionally divided 
into two areas, the Register File and Memory. The 
Memory is divided into two spaces, each having a 
maximum of 65,536 bytes. The two memory 
spaces are separated by function, one space for 
Program code, the other for Data. The ST902X 16K 
bytes of on-chip ROM memory is selected at mem- 
ory addresses 0 through 3FFFh (hexadecimal) in 
the PROGRAM space and the 256 bytes of on-chip 
RAM memory is selected at memory addresses 0 
through OFFh in the DATA space. 


Off-chip memory, addressed using the multiplexed 
address and data buses (Ports 0 and 1) may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function, allowing a 
full 128K byte memory. The memory spaces are 
selected by the execution of the SDM and SPM 
instructions (Set Data Memory and Set Program 
Memory, respectively). There is no need to use 
either of these instructions again until the memory 
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MEMORY (Continued) 


area required is to be changed. This requirement 
is not necessary in two cases: first, when operating 
with external stacks (the Data memory is automat- 
ically selected) and, secondly, when using the 
memory indirect to memory indirect post-increment 
addressing mode (the memory types are specified 
in the instructions: LDPP, LDPD, LDDP, LDDD). 


Either the Data Memory or the Program Memory 
can be addressed using any of the memory ad- 
dressing modes. 


Program Space 


The Program memory space of the ST902X, from 
the 16K bytes of on-chip ROM memory to the full 
64K bytes with off-chip memory expansion, is fully 
_ available to the user. At addresses greater than the 
first 16K bytes of program space, the ST902X 
executes external memory cycles for instruction 
fetches. The first 256 memory locations from ad- 
dress 0 to OFFh (hexadecimal) hold the Reset 
Vector, the Top-Level (Pseudo Non-Maskable) in- 
terrupt, the Divide by Zero Trap vector and, option- 
ally, the interrupt vector table for use with the 


Figure 6. ST902X Program and Data Spaces 
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on-chip peripherals and the external interrupt sour- 
ces. Each vector is contained in two consecutive 
byte locations, the high order address held in the 
lower (even) byte, the low order address held in the 
upper (odd) byte, forming the address which is 
loaded into the Program Counter when selected by 
the interrupt vector provided by the interrupt 
source. This should point to the relevant Interrupt 
Service routine provided by the user for immediate 
response to the interrupt. 


Data Space 


The ST902X addresses the 256 bytes of on-chip 
RAM memory in the Data Space from addresses 0 
to 255 (OFFh). It may also address up to 65,280 
locations of External Data through the External 
Memory Interface when decoded with the P/D pin. 
The on-chip general purpose Registers may be 
used as additional RAM memory for minimum chip 
count systems. 


The Data Space is selected by the execution of the 
SDM instruction. All subsequent memory references 
will access the Data Space. Data may also be 
stored in external RAM or ROM memory within the 
Program Space. 


7 
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MEMORY (Continued) 


ROMless Option 


In the event of a program revision being required 
after the development of a ROM-based ST902X, a 
mask option is available which enables the recon- 
figuration of the memory spaces to give a fully 
ROMless device. This means that the on-chip pro- 
gram ROM is disabled and ALL program memory 
is seen as external, allowing the use of replace- 
ment program code in external ROM memory. The 
on-chip memory in Data space is not affected. 


To give the ROMless function (when enabled by the 
MASK option), the pin selected by mask for ROM- 
less as an Alternate Function should be held to 
ground (Vss) with a high resistance (eg 100k ohm) 
during the RESET cycle. The pin status is latched 
on the rising edge of the RESET input. After this 
time, the pin is free for normal operation. 


If the ROMless option is enabled, and the on-chip 
program is to be used, the pin enabled for the 
ROMless function must to held to a high potential 
during the RESET cycle (eg with a 100k ohm 
resistor to Vpp). 


Figure 7. ROMless Selection 
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REGISTERS 


The ST902X register file consists of 240 registers 
(224 general purpose) plus pages of 16 registers 
supporting the configuration and control registers 
for the on-chip peripherals. The 224 general pur- 
pose registers all have 8 and 16 bit arithmetic 
capability and may be used as accumulators, on- 
chip RAM, internal Stack areas (for system and/or 
user stacks), or, with the appropriate addressing 
modes, as index, offset or stack pointers. 


The register file is arranged into 16 groups of 16 
registers, where the general purpose registers oc- 
cupy the first 14 groups. The 15th group, E, con- 
tains the system registers and Group F contains 
the pages of the on-chip peripheral control regis- 
ters. 


Figure 8. Register Grouping 
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REGISTERS (Continued) 


Group F is paged in this manner due to the modu- 
larity of the ST9 family of microcontrollers. Each 
member of the family retains all general purpose 
and system registers, only the paged register 
groups changing owing to the different on-chip 
peripheral organizations of each device. The user 
can therefore generate code libraries which use the 
general purpose registers knowing that they will not 
be lost on future ST9 devices. To address a paged 
register, the Page Pointer (PPR, R234) within the 
system register group must be loaded with the 


Figure 9. Page Pointer Mechanism 
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relevant page number using the SPP instruction. 
Subsequently any access to registers in the top 
group (R240-R255) will refer to the selected page. 
This remains set until the next change to the Page 
Pointer register (by the SPP instruction). 


The System group (Group E, registers REO to REF) 
includes the system and user stack pointers, the 
Mode register, the ALU FLAG register and the Page 
pointer register. In addition the data registers for 
the first 5 I/O ports are present, the configuration 
registers for the ports being in the paged area. This 
allows the immediate access to these I/O ports at 
all times. 


Figure 10. Group E Register Map 
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REGISTERS (Continued) 


Figure 11. ST9026 Group F Peripheral Organisation 
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REGISTERS (Continued) 


The Register Pointers, present in the system reg- 
ister group, select groups of registers as "Working 
Registers", which have faster addressing modes 
than direct Register addressing and allows smaller 
code size. The Register Pointers may either be 
used singly, creating a register group of 16 working 
registers, or as two independent groups of 8 work- 
ing registers which may be placed at any 8 register 
boundary within the register file. The single and 
twin working register modes are automatically set 
by hardware when the respective SRP and either 
SRPO or SRP1 instructions are executed. If working 
registers are used as accumulators and RAM loca- 
tions for particular tasks, fast context switching on 
interrupts may be achieved by setting the register 
pointer to another group for the Interrupt Service 
Routine, ISR, (e.g. saving the Register pointer on 
the stack), using the new group in the ISR and 
subsequently restoring the original group before 
the Return from Interrupt instruction. Working reg- 


Figure 12. Single Working Register Bank 
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isters also allow the use of the ABAR - Any Bit-Any 
Register Boolean operations (including directly on 
the I/O port data registers). 


Inthe ST9 syntax, directly addressed Registers are 
indicated with a capital R e.g. RO, R224, RBF, with 
Register Pairs (16 bit accumulators or memory 
pointers) as RRO, RR24. When using Working 
Registers, groups of 16 registers (SRP instruction) 
are denoted as r0 to r15 (rr to rr14), while the dual 
working register group are addressed as r0 to r7 
(rrO to rr6), for the first group of 8 registers (SRPO), 
with r8 to r15 (rr8 to rr15) for the second set (SRP1). 


Working register addressing requires a 4 bit field 
within the instruction. When packed into a byte, the 
upper nibble is set to Dh (1101b), this being the 
escape code to indicate the use of the working 
registers. As a result, group D CANNOT be se- 
lected with direct register addressing, it is recom- 
mended that this group be used as internal stacking 
area when using register file based system or user 
stack pointers. 


Figure 13. Dual Working Register Bank 
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STACK POINTERS 


There are two separate, double register stack poin- 
ters available (System and User), both of which can 
operate in register or Data memory address 
spaces. These operate in a Pre-Decrement mode 
when data is PUSHed onto the Stack and in a 
Post-Increment mode when data is PoPed from the 
stack. 


The SYSTEM Stack Pointer (SSPR, R238:R239) 
is used for the storage of temporarily suspended 
system and/or control registers (ie the the Program 
Counter and FLAG register) while interrupts are 
being serviced, and is used for the storage of the 
Program Counter following the CALLing of a sub- 
routine. 


The USER Stack Pointer (USPR, R236:R237) is 
completely free from all interference from automat- 
ic operations and so provides for a totally user 
controlled stack area. 


Both Stack pointers may operate with both byte 
(PUSH,POP) and word (PUSHW,POPW) data, and are 


Figure 14. Internal Stack Pointers 
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differentiated by appending a "U" to the instruction 
mnemonic for the User Stack (PUSHU/PUSHUW, 
POPU/POPUW). 


When the Stack Pointers are using RAM Memory 
as the stack areas, a full word register is used as 
the pointer, while when operating with the stack 
area within the Register File (Groups 0 to 14 only, 
but not the within the system and paged groups) 
only an 8 bit register is required for addressing and 
consequently only the low byte of the word regis- 
ters are used (R239 for the System Stack and R237 
for the User Stack). In this latter case the upper byte 
of the stack pointer registers (R238 and R236) 
must be considered as reserved. The Stack Poin- 
ters may be selected to point to RAM or Register 
file by the setting of the SSP (MODER.7) and USP 
(MODER.6) of the ST902X configuration register 
(MODER, R235) where a "1" denotes Register file 
operation (Default at Reset) and "0" causes exter- 
nal Data space operation. 


Figure 15. External Stack Pointers 
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INTERRUPTS 


The ST902X offers a powerful solution to the re- 
sponse requirements of real-time systems with its 
advanced interrupt structure. Interrupt trigger sour- 
ces can be prioritized within 8 levels to match the 
priorities assigned to the application. In addition a 
top-level or non-maskable interrupt is available. 


The ST902X interrupts follow the logical flow of 
Figure 16. 


Interrupt events (selectable with each function) 
cause the setting of the Interrupt Pending (IP) bit 
within the status register of the peripheral. This bit 
may also be set by software in order to generate a 
software interrupt, and should normally be reset by 
software within the interrupt service routine. If the 
interrupt is not Masked with the corresponding 
Interrupt Mask bit, the interrupt is passed to the 
central interrupt control logic where the priority level 
assigned by the user to the interrupt source is 
compared with the priority level of the core (user 
programmed dynamically in the 3 bits of the Central 
Priority register (CPL, CICR.0-2, Level 7 is the 
lowest priority and level 0 the highest). If the incom- 
ing priority level is higher than the CPL, and Global 


Figure 16. Interrupt Logic 
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Interrupts are enabled (by the ET instruction, inter- 
rupts are disabled by the execution of the DI 
instruction), the interrupt is acknowledged. If inter- 
rupts are globally disabled, the priority level of the 
source is lower than or equal to the CPL or the 
Interrupt is masked, then the IP bit remains set and 
the interrupt is held pending until the EI instruction 
is executed, the CPL is set to a lower level AND the 
interrupt is un-masked. Alternatively the IP bit of a 
masked interrupt source may be used in a polled 
interrupt environment, with the IP bit being reset by 
software within the service routine. 


The interrupt acknowledge cycle causes the Pro- 
gram Counter and FLAGS register to be pushed 
onto the System Stack (PC low byte first, PC high 
byte, then FLAGS Register) and all maskable inter- 
rupts to be disabled by resetting the IEN bit 
(CICR.4). The peripheral Interrupt Vector, IVR, a 
user programmable feature of the peripheral inter- 
rupt contro! registers, is used as an offset into the 
vector table, pointing to the high byte (even ad- 
dress) of the 16 bit address which should contain 
the starting address of the interrupt service routine. 
Addresses 0 through 255 of the program space 
comprise the interrupt vector table. Where multiple 
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INTERRUPTS (Continued) 
Figure 17. Interrupt Vector Table Usage 
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interrupt Sources may occur within a peripheral, the 
peripheral interrupt vector source may be encoded 
by hardware set bits within the IVR register. This 
means that the vector address defined in the pe- 
ripheral IVR is the base address for a block of 
vectors servicing that peripheral. The address 
pointed to by the vector is loaded into the Program 
Counter and execution restarts from this point. 


The interrupt service routine should clear the inter- 
rupt pending flag of the interrupt source and take 
the appropriate action. The last instruction of the 
interrupt service routine should be the IRET in- 
struction, the action of this is to restore the Program 
Counter and Flags register to their value prior to 
the interrupt acknowledgment, and to re-enable 
interrupts. Within the interrupt service routine, use 
may be made of the working register pointer mech- 
anism to reduce the context switching time. 

Two interrupt arbitration modes are available for 
use with the 8 level priority scheme, Nested and 


Concurrent modes. These are selected by the 
status of the IAM bit (CICR.3). 
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Concurrent mode, selected when IAM = "0" (the 
reset condition) is the standard interrupt arbitration 
mode, where the arbitration phase of every instruc- 
tion acknowledges interrupts according to their 
priority level (if higher than the CPL) and follows the 
sequence shown. All pending interrupts existing or 
having eventually occurred during interrupt service 
routine execution, remain pending until the Enable 
Interrupt instruction (EI) (even if it is executed 
during the interrupt service routine). EI within the 
interrupt service routine is not recommended for 
use with the Concurrent arbitration mode as this 
can trigger a Last In, First Out condition where high 
priority interrupts are masked by lower priority in- 
terrupts which are all higher than the CPL value. 


Nested mode, selected when IAM = "1", uses the 
same arbitration phase as concurrent mode, the 
difference being that the CPLis modified during the 
interrupt processing cycle to that of the acknow- 
ledged interrupt level. The CPL value is pushed by 
hardware into the Nested Interrupt Control register 
(NICR, R247 page 0) by setting the NICR bit corre- 
sponding to the CPL value. The interrupt service 
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INTERRUPTS (Continued) 
Figure 18. Interrupt Modes Example of Usage 
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routine is entered in the normal manner. The re- = Table 2. ST902X Interrupt Hardware Daisy 
vised CPL level is used for arbitration of further Chain 
interrupts, each higher level being saved on the 


NICR stack, and being restored automatically by INTA High Priority 
hardware with the IRET instruction. This allows the 

execution of the EI instruction within the interrupt INTB 

service routine to operate the correct nesting of 

interrupts. The two modes are shown graphically in INTC 

Figure 18, where the Y axis shows the CPL value. INTD 

It should be noted that in the example INT1 will not 

be acknowledged until the CPL level is pro- METIMERO 

grammed to a lower level. 


Interrupts coming from on-chip sources at the SCl Lowest Priority 
same instant, and at the same priority level, are 
resolved during the arbitration phase according to 
a hardware daisy-chain. This follows the priorities 
of the table shown in Table 2. 
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INTERRUPTS (Continued) 


External Interrupts. Up to 7 external interrupts are 
available on the ST902X as alternate function in- 
puts of I/O pins. These may be selected to be 
triggered on rising or falling edges and can be 
independently masked. The eight external interrupt 
sources are grouped into four pairs or channels 
which can be assigned to independent interrupt 
priority levels. Within each channel the even inter- 
rupt number takes the even priority level and the 
odd channel the odd priority level (even+1). 


Table 3. External Interrupt Channel Grouping 
INT7 INTD1 
INT6 INTDO 
INT5 INTC1 
| INT4 INTCO 
INT3 INTB1 
INT2 INTBO 
INT1 INTA1 
INTO INTAO 


Several of the External Interrupt channels have 
their inputs selectable between the external inter- 
rupt source and on-chip peripheral sources. 


Figure 19. Top-Level Interrupt Structure 
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Table 4. ST902X External Interrupt Souce 
Selection 


INTO 
INTAO 
Timer/Watchdog 
End of Count ; 
INT2 


SPI Interrupt 


INTBO 


Top Level Interrupt. The Top Level Interrupt chan- 
nel can be assigned either to the external NMI pin 
or to the Timer/Watchdog output. When selected 
as the external NMI pin, the active edge may be 
programmed to be rising or falling. The TLI event 
will cause the setting of the TLIP bit (CICR.6) and 
according to the mask situation, a Top Level Inter- 
rupt request may be generated. Two masking con- 
ditions are available, a Maskable Mask and a 
Not-Maskable Mask. 


The Maskable Top Level Interrupt may be enabled 
or disabled by software and follows the state of the 
Global Interrupt Enable bit IEN (CICR.4), while the 
Not-Maskable Mask bit (TLI, CICR.5) is a set-only 
mask. Once set, the Top Level Interrupt is active 
independently of IEN and cannot be disabled until 
the next Reset cycle. 
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INTERRUPT 


MASK REQUEST 


VA00294 


ISTA SGS-THOMSON 


MICROELECTRONICS 


30 


DMA 


The ST902X has on-chip DMA channels to provide 
high-speed data transaction between peripherals 
and Memory or Register File. Multi-channel DMA 
is fully supported because each peripheral can 
have its own DMA channel(s). Each DMA channel 
transfers data to/from contiguous locations of the 
Register File, Program Memory or Data Memory. 
The maximum number of transactions that each 
DMAchannel can perform is 222 if the Register File 
is selected and 65536 if Program or Data Memory 
are selected. 


DMA transfer to (or from) the Register File takes 8 
INTCLK cycles, DMA transfer to (or from) Memory 
takes 16 INTCLK cycles. If the ST902xX is in the idle 
mode (following the execution of the WFI instruc- 
tion), DMA requests are acknowledged according 
to their priority and control is returned to the idle 
mode pending an interrupt, this operation in- 
creases the number of INTCLK cycles by 2 for both 
Register File and Memory DMA transactions. 


Each DMA channel has its own control registers . 


located in the page(s) related to the peripheral. 


Figure 20. DMA Between Registers and Peripheral 


c_—- 
peer \ 
PERIPHERAL ae 
\_ DAPR Ey 
pee (_oCPR._| 
easter | —\_Dorr__ 
[____ (pata 
he 


FF 
PAGE REGISTERS 


z 
S 
= 
oO 
< 
Z 
E 
< 
= 
5 


ALREADY 
TRANSFERRED 
DATA 


-—[ OMA TRANSACTION COUNTER | 
DMA ADDRESS 


REGISTER FILE 


Ly BBobenones 


$T9026,9027,9028 


There are two pointer registers, DAPR which points 
to a register or register pair containing the current 
DMA address to/from which data will be trans- 
ferred, and DCPR, which points to a register or 
register pair which contain the transaction counter 
for the DMA operations. Each DMA transfer con- 
sists of three operations: 


— A load from/to the peripheral data register 
to/from a location of Register File (or Memory) 
addressed through the DMA Address Register 
(or Register Pair) 


— Apost-increment of the DMA Address Register 
(or Register Pair) 


— A post-decrement of the DMA transaction 
counter, which contains the number of transac- 
tions that have still to be performed. 


When the transaction counter reaches 0 (all data 
has been transferred) an End of Block Interrupt 
event is generated to allow the processing of the 
DMA data block, or, by reloading the Address and 
counter registers and retriggering, arepeated DMA 
cycle. 
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DMA (Continued) 


A SWAP mode, allowing continuous DMA oper- 
ation, is available for the Multifunction Timer and is 
described in the section relating to the Multifunction 
Timer. 


The ST902X has DMA channels associated with 
the Serial Communications Interface Input and 
Output Serial data channels, the 16 bit Load/Cap- 


Figure 21. DMA Between Memory and Peripheral 
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CLOCK GENERATION, WAIT, HALT AND RESET 


Clock Generation 


The ST902X Clock Generator module generates 
the internal clock for the ST9 core and the on-chip 
peripherals, it may be driven by an external quartz 
crystal circuit, connected to the OSCIN and OS- 
COUT pins, or by an external pulse generator 
connected to OSCIN (Figure 22, Figure 23). 


The conceptual schematic of the ST9 internal clock 
circuit is shown in Figure 24. 


Figure 22. Crystal Oscillator 
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Figure 24. Internal Clock Circuit 
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The maximum external frequency of the ST9 is 24 
MHz, while the maximum internal operating fre- 
quency is 12 MHz, thus a programmable divide by 
two circuit is present, this allows the use of high 
frequency crystals for economy, or low frequency 
crystals for reduction in radiated noise. This divider 
is active upon exit from the reset condition, the user 
may bypass the divide by two circuit by setting the 
DIV2 bit (MODER.5). The resulting clock from this 
section is named INTCLK, the internal clock which 
drives the timebases of the on-chip clock for the 
ST902X peripherals (eg the Multifunction Timer, 
Timer/Watchdog, Serial Communications Inter- 
face) and also the input of the CPU prescaler 


Figure 23. External Oscillator 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


section. The CPU of the ST9 includes the instruc- 
tion execution logic and may run at different rates 
according to the setting of the PRS2,PRS1 and 
PRSO bits (MODER.4-2) (Figure 25). The resulting 
clock is named CPUCLK and it should be noted that 
this does not maintain a 50% duty cycle, but stret- 
ches the high level of the clock until completion. 
The CPUCLK prescaler allows the user to slow 
down the program execution time (eg for lower 
power consumption), while time-critical sections of 
the program may tune the CPUCLK execution 
speed to high speed and then restore it to its 
original speed. 


Figure 25. CPUCLK Prescaler 
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The output from the prescaler can also be affected 
by wait states. Wait states from two sources allow 
the user to tailor timing for slow external memories 
or peripherals. ~ 


The internal Wait State generator will insert from 0 
to 7 wait states, independently programmable for 
both Program and Data Spaces, via the Wait Con- 
trol Register WCR (R252, page 0). The second 
source of wait states is the external Wait input pin 
when enabled as the Alternate Function. Figure 26 
shows the External Memory Interface timing as it 
relates to CPUCLK prescaling of 2 and 5 added 
wait states. The added wait states are derived from 
the INTCLK clock cycle, not CPUCLK. Internal 
memory is always accessed with no Wait states. 
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 
Figure 26. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States 
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Halt and Wait for Interrupt (WFI) States Figure 27. Oscillator Schematic 


The schematic of the on-chip oscillator circuit is 
shown in figure 27. The HALT condition, caused by 
the execution of the HALT instruction, disables the 
oscillator, forcing OSCOUT high. This places the 
ST902X into the lowest power mode. The exit of 
the HALT condition and the restarting of the oscil- 
lator requires a RESET pulse with a minimum 
duration of 10ms (figure 28). It must be noted that 
if the TIMER/WATCHDOG has the WATCHDOG 
mode enabled, a HALT instruction will not disable 
the oscillator; this is to avoid stopping the Watch- 
dog if, by an error, a HALT instruction is executed. 
If this occurs, the ST902X runs in an endless loop 
terminated only by the Watchdog reset (or hard- 
ware reset). 


The wri (Wait for Interrupt) instruction suspends 
program execution until an interrupt request is 
acknowledged. During this period, DMA transac- 
tions are allowed if their priority is higher than or 
equal to the CPL level; the ST902X returns to WFI 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


mode after completion of the DMA transfer. The 
CPUCLK is halted during Wait For Interrupt while 
INTCLK continues to run, thus the power consump- 
tion of the processor is lowered by the CORE power 
consumption value. 


The External Memory Interface lines status during 
HALT and WFI modes is shown in Table 5. 


Table 5. External Memory Interface Line 
Status During WFI and Halt 


Reset 


The processor Reset overrides all other conditions 
and forces the ST902X to the reset state. During 
Reset, the internal registers are set to their Reset 
values, as shown in Table 6 for the system and 
Page 0 Registers. The I/O Ports pins are set to the 
Bidirectional Weak Pull-up mode. The user must 
then initialize the ST902X registers to give the 
required functions. 


The Reset condition can be generated from the 
external RESET pin or by the on-chip 
TIMER/WATCHDOG operating in Watchdog 
mode. To guarantee the complete reset of the 
ST902X, the RESET input pin must be held low for 
at minimum of 53 crystal periods in addition to the 
crystal start-up period. The Watchdog RESET will 
occur if the Watchdog mode is enabled (WDEN, 
WCR.6, is reset) and if the programmed period has 
elapsed without the code OAAh,55h written to the 
appropriate register. The input pin RESET is not 
driven low by the on-chip reset generated by the 
TIMER/WATCHDOG. 


Figure 28. Reset Timing Requirements from Halt State 
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 


Table 6. System and Page 0 Reset Values 


During the RESET state, DS is held low and AS is 
toggled with the frequency of the crystal (OSCIN) 
divided by 32. This condition may be recognized by 
external peripherals as a Reset condition. It may 
also be used to enable the synchronization of 
multiple ST902X running from the same clock ina 


ky SGS-THOMSON 


Number Reset Value Reset Value 
a 
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[ePrints | ota 
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a 
a 


multi-processing or high security majority voting 
system. 

Once the Reset pin reaches a logical high, the 
ST902X fetches the starting address from locations 
0 and 1 of the program space and begins program 
execution from this address after 67 crystal cycles. 
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INTERFACING TO EXTERNAL MEMORY 


External Memory and/or peripherals may be con- 
nected to the ST902X through its External memory 
interface. This provides the multiplexed Address 
bits AO to A7 and Data bits DO to D7 as Alternative 
Functions of Port 0, and the higher order address 
bits A8 to A15 as Alternative Functions of Port 1, 
giving the full 64K bytes addressing capability. The 
Program/Data (P/D) output, when selected as an 
Alternate function, allows external decoding to pro- 
vide for the two independent pages of 64K bytes 
for Program and Data. 


Data transfer timing is generated by the Address 
strobe AS and the data strobe DS. Address strobe 
low indicates that the data present on ADO to AD7 


Figure 29. External Memory Addressing Circuit 
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is the low order address and is guaranteed valid on 
the rising edge of AS allowing for latching of the 
address bits by an external latch. Data transfer 
direction is indicated by the status of the 
Read/Write (R/W) pin; for write cycles (R/W low), 
data out is valid at the falling edge of DS; for read 
cycles (R/W high), data in must be valid prior to the 
rising edge of DS. The Data Strobe low period may 
be extended to accomodate slow external devices 
by the adding of internally generated wait cycles (0 
to 7 cycles for program and/or data memory maps) 
or by an external input on the WAIT input pin also 
available as an Alternative Function of an I/O bit. 
Suggested interface circuits are shown in Figure 20 
and Figure 30. 
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INTERFACING TO EXTERNAL MEMORY (Continued) 


Figure 30. External Memory Addressing Circuit 
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BUS CONTROL 


Multi-processing or external program testing may 
be accomplished by disabling the I/O ports used for 
external memory addressing and the associated 
timing signals. 


High Impedance Mode 


The user may place the External Memory Interface 
(I/O ports 0 and 1, Address Strobe, Data Strobe and 
Read/Write) into the high impedance state by set- 
ting the HIMP bit (MODER.0). External test equip- 
ment may then drive the memory lines for 
automatic test, external memory validation or pro- 
gramming. The ST9 will continue to execute inter- 
nal programs, providing no external memory is 
addressed, allowing the execution of security rou- 
tines without showing externally the addresses 
used. 
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Bus Request/Acknowledge 


The External Memory Interface address ports and 
timing signals may be forced to their high imped- 
ance state by utilizing the BUSREQ, Bus Request, 
and BUSACK, Bus Acknowledge, signals available 
as Alternate Functions of two I/O pins (please refer 
to the pin configuration drawings for availability of 
these lines for the package chosen). The signals, 
BUSREQ and BUSACK, must be enabled by set- 
ting the BRQEN bit (MODER.1). Once enabled, a 
low level detected on the BUSREQ pin at the start 
of an internal machine cycle will cause the stretch- 
ing of the CPUCLK, and BUSACK to go low indi- 
cating that the External Memory Interface is 
disabled. The BUSREQ pin is then continuously 
monitored, and when sampled high, the External 
Memory Interface pins are driven by the ST9 within 
two INTCLK cycles. 
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I/O PORTS 


Summary of Function 


For each package type of the ST902X, only eight 
pins have a Reserved function: Vpp, Vss, RESET, 
AS, DS, R/W, OSCIN, OSCOUT. All other pins are 
available as Input/Output (I/O) for the user, 
grouped into Ports of 8 bits. These may be pro- 
grammed to be Input, Output, Bidirectional or Alter- 
nate Function (Peripheral or Memory interface), on 
a bit by bit basis, at any time. When programmed 
as an Input the pin may be set to TTL or CMOS 
input threshold levels, while, when programmed as 
Output, Push-Pull or Open Drain configuration may 
be selected. The Bidirectional mode sets the pin 
with a weak pull-up resistor to Vpp or to Open Drain, 
allowing bidirectional communication with external 
logic. The Alternate Function setting is predeter- 
mined for each pin as shown in the Pin Configura- 
tion Table. 


The circuitry of the I/O port allows for several 
ST902X peripheral functions to address, as Alter- 
nate Functions, the same pin, for both input and 
output, the user selects which peripheral function 
is to be active by enabling its individual Input or 
Output function. This multi-function I/O capability of 
the ST902X allows for easy adaptation to external 
circuits. The options available for each bit are sum- 
marized in Table 8 


Figure 31. 1/O Port Schematic 
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Table 7. !/O Setting Options 

TTL Thresholds 

Input 
CMOS Thresholds 
O Drai 
Push Pull 

Bidirectional 
Weak Pull-up 
Open Drain 

Alternate Function 
Push Pull 


I/O Port Configuration 


The configuration of each general 1/O bit of the 
ST902X is set by the corresponding bits in three 
I/O Port control registers. These affect the status of 
the input and output buffers of the pin, and enable 
the Alternate function Outputs. Alternate Function 
inputs are always connected, and are used by 
enabling the function from within the configuration 
registers of the relevant peripheral function. The 
configuration of an I/O bit is shown in Figure 31. 
Outputs follow a Master/Slave buffer, data is trans- 
ferred from the ST9 internal data bus at the begin- 
ning of the machine cycle, and, if enabled as 


ALTERNATE 
FUNCTION (IN) 


INPUT LATCH 


INTERNAL DATA BUS 
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/O PORTS (Continued) 


output, is passed to the output latch at the end of 
the cycle. This synchronization allows for the Bidi- 
rectional use of the pin without potential conflicts. 


Configuration Registers. Three registers are 
used to allow the setting of each pin, generically 
PxC2R, PxCiR, PxCOR, where x relates to the 8 


Table 8. Port Configuration Status Bits 


Pxn Configuration 


Pxn Output 
Pxn Input 
eo eS Port 
n =Bit 
BID = Bidirectional 
OUT = Output 
IN = Input 


Figure 32. I/O Port Input Configuration 
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bit I/O port in which the bit is present. The setting 
of the corresponding bit in each register to achieve 
the desired functionality of the I/O pin is shown in 
Table 8. 


The effect of the configuration settings of Table 8 
on the I/O ports structure is shown in Figures 32 to 
35. 


AF =Alternate Function 
WP = Weak Pull-up 

OD = Open Drain 

PP = Push Pull 

HI =High Impedance 


Figure 33. I/O Port Output Configuration 
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I/O PORTS (Continued) 
Figure 34. I/O Port Bidirectional Configuration 
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1/O Register Map 


The Data Registers which correspond to the pin 
status (after configuration) of I/O port 0 to 5, are 


GROUP E 
DEC HEX DEC 
R255 
R254 
R253 
R252 
R251 
R250 
R249 


Figure 36. I/O Register Maps 
R248 
R247 


7 R246 


P5D R245 
R244 
P3D R243 
R242 
R241 
R240 
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GROUP F 


Figure 35. I/O Port Alternate Function Config. 
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FUNCTION (OUT) 
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found in Group E of the Register File, for immediate 
access at all times, while the configuration registers 
and the Data Registers for Additional Ports are 
found within I/O pages (Group F) 2 and 3. 


PAGE 
HEX 
RFF 


02 03 
RFE 
RFD 
RFC 
AFB 
RFA 
RFS 
RFS 
RFT 
RFS 
RFS 
RA 
RFS 
Pe 
RF 
RFO 
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1/0 PORTS (Continued) 


Handshake and DMA 


I/O Port 5 of the ST902X (please refer to the pin 
configuration table for the availability of all 8 bits of 
Port 5, as this is dependent on the package type) 
is able to support a parallel interface port with 
handshake capability. This allows one, two or four 
wire interconnecting handshake signals and facili- 
tates very fast parallel transfer of data for input and 
output, or for the interconnection of peripheral de- 
vices requiring strobe signals for synchronization. 
Table 9 shows the available options for input and 
output status and strobe signals available as Alter- 
nate Functions of I/O port bits (see Pin Configura- 
tion). The Handshake configuration is set within the 
Handshake Control Register (HDCnR) for the rele- 
vant I/O port n. 


Data transfer through the parallel I/O port with 
handshake can also be triggered through a DMA 
channel. Timing is generated by the ST902X 
TIMER ON-CHIP EVENT strobe signal (see the 
TIMER section for information on generating these 
signals), which causes the programmed transfer of 
data to or from the memory source which can be 
Register File, Program space memory or Data 
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space memory. An example of application of this 
technique is shown in figure 37, a complex stepper 
motor timing sequence automatically being trans- 
ferred from a table in the Register File (or memory 
spaces) to the stepper motor drivers. After initializ- 
ation, this operation is transparent until the task 
(complex microstepping) is completed. 


Table 9. Handshake Control Signal Options 


Handshake 
Lines 


Output 
from 
Port 


Bidirectional 


Figure 37. Handshake + DMA Used for Stepper Motor Driving 
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TIMER/WATCHDOG 


A 16 bit down-counter, complete with 8 bit pres- 
caler, is integrated into the ST902X core. This is 
able to operate both as a general purpose timer 
with associated input and output pins for timing 
functions, and also as a Watchdog Timer offering 
a security against possible processor malfunctions 
due to external events. 


Timer Modes 


When operating as a Timer, with a timing resolution 
from 333ns to 5.59s (INTCLK = 12MHz), an input 
pin (WDIN) and output pin (WDOUT) may be se- 
lected as the Alternate Functions of two I/O pins. 
When WDIN is enabled by the user by setting INEN 
high (WDTCR.3) and the Alternate Function is set, 
4 operating modes are available: The WDIN input 
may be programmed to act as an event counter 
input, with high to low transitions causing the 
counter to decrement (the time duration between 
the falling edges of the input clock must be at least 
333ns, allowing a maximum input frequency of 
3MHz). It may also be used for pulse width meas- 
urement by being selected as a counter clock gate 
signal (prescaler to the counter being driven by 
INTCLK/4), counting being enabled when WDIN is 
at a high level. Trigger and Re-trigger modes cause 
a reload of the timer user preset values (providing 
STSP, WDTCR.7 is active) for a high to low transi- 


Figure 38. Timer/Watchdog Block Diagram 
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tion on WDIN at any time (Re-trigger mode) or 
when the counter is at the end of count (Trigger 
mode). The counter decrements at a rate driven by 
INTCLK/4. 


The WDOUT pin, when set as the Alternate Func- 
tion, is enabled by OUTEN high (WDTCR.0), and 
may either toggle the state of the I/O bit (frequency 
generation, OUTMD = "0", WDTCR.2) or pass the 
state of the WROUT bit to the output allowing PWM 
generation (OUTMD = "1") at the end of count 
(timer value = 0) condition. 


Watchdog Mode 


The timer functions may be disabled, and the Timer 
configured for a Watchdog operation by re-setting 
WDEN (WCR.6) to zero. Once the Watchdog has 
been selected it CANNOT be set back into the 
standard timer mode until the next Hardware Reset 
cycle. The user should set the watchdog timer 
prescaler and timer reload value before enabling 
the Watchdog mode. The Watchdog Timer must 
then be retriggered, causing the reloading of the 
timer value, by the operation of writing of the byte 
sequence OAAh, 055h to the WDTLR register. If 
this is not done before the Watchdog counts to 
zero, the Watchdog Timeout condition occurs. This 
causes a Hardware Reset of the ST902X. The 
Watchdog reset signal is not output on the external 
RESET pin. 


WDTPR WDTRH,WDTRL 
8 BIT PRESCALER]| 16 BIT COUNTER 
(READ AND WRITE)|(READ AND WRITE) 


TIMER/WATCHDOG CLOCK 


OUTMOD WROUT OUTEN 


OUTPUT CONTROL LOGIC 
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TIMER/WATCHDOG (Continued) 


Timer/Watchdog Interrupts 


The Timer/Watchdog may provide several levels of 
interrupts selectable by the user. The Timer mode 
offers two interrupt sources, triggered on the timer 
value reaching 0, either a prioritized level (by taking 
the Interrupt priority channel from the External 
Interrupt INTAO) or by a top level, non-maskable 
interrupt (taking the external NMI input channel). 
The interrupt channels are multiplexed from the 
alternative source according to the status of the 
IAOS (EIVR.1) and TLIS (EIVR.2) bits as shown in 
Figure 40. Please refer to the ST9 Technical Ma- 
nual for further details on changing the interrupt 
sources of the Timer/Watchdog. When the Watch- 
dog mode is set (WDEN = "0"), the timer value 
equal to 0 event generates a Hardware reset of the 
ST902X. The Timer/Watchdog control registers are 
located within Page 0 of the Paged I/O register 
group. 


Figure 39. Timer/Watchdog in Watchdog Mode 
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Figure 40. Timer/Watchdog Interrupt Sources 
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MULTIFUNCTION TIMERS 


The ST902X includes a 16 bit Multifunction Timers 
(MFT) in addition to the TIMER/WATCHDOG. 


The Multifunction Timer is a 16 bit Up/Down 
counter, driven by the output of an 8 bit prescaler 
which may be driven by INTCLK/3 (giving a mini- 
mum timing resolution of 250ns at INTCLK = 12 
MHz) or by an external source. This timer is sup- 
ported by two 16 bit Comparison Registers for 
generating timed functions and two 16 bit Cap- 
ture/Load Registers for timing and variable time- 
base functions. These features coupled with 2 input 
pins (TxXINA and TxINB) and 2 output pins (TXOUTA 
and TxOUTB, where x = 0 or 1), available as 
Alternate Functions, give the timer 12 operating 
modes for virtually all required timing functions. 


MFT Operating Modes 

The operating modes are selected by the pro- 
gramming of the Timer Control Register (TCR 
Timer x) and the Timer Mode Register (TMR) as 
follows: 


ONE-SHOT MODE. The counter stops at the End 
Of Count Condition (up or down count). 


CONTINUOUS MODE. At End Of Count the timer 
is reloaded from a Load Register. 


Figure 41. Multifunction Timer Block Diagram 


CAPTURE /LOAD 
LOGIC 


DMA CONTROLLER 


CAPTURE/LOAD REG 0 


TRIGGER MODE. A Trigger causes reload from a 
load register only if the Timer is at End of Count. 
RETRIGGER MODE. A Trigger causes reload from 
a load register at any time. 

GATE MODE. Counting is performed only when 
the external gate input (TxINA or TxINB) is active 
(logical 0). 

CAPTURE MODE. A Trigger causes the timer 
value to be latched into the selected Capture reg- 
ister. 

UP/DOWN MODE. A Trigger causes a count up or 
down, or a change in counting direction. 
FREE-RUNNING MODE. Up or Down counting is 
performed to the full range with no action at End of 


Count. This is used in Bicapture and Capture 
Modes. 


MONITOR MODE. One Capture register follows 
the contents of the timer. 

AUTOCLEAR MODE. The timer is reset to 0000h 
or FFFFh (up or down count respectively) on a 
trigger. This gives delta time measurement or free 
running with a modulo of less than 2'°. 

BILOAD MODE. The counter is reloaded on an 
End Of Count condition alternately from the two 
Load Registers. (PWM output). 


CAPTURE/LOAD REG 1 
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BICAPTURE MODE. A Trigger causes the current 
timer value to be transferred alternately to the two 
Capture registers. (Pulse width measurement). 


The trigger events may be either caused by soft- 
ware, or an action on the two input pins which may 
be programmed to respond to rising, falling or both 
edges of the input. The input modes are selected 
in the Input Control Register (ICR) as shown in 
Table 10. This includes the Autodiscriminator 
mode, which causes the timer to count up or down 
depending on the phase between the two input 
edges, such as the signals generated by optical 
encoders. 


The two output pins (available as Alternate Func- 
tions) may be programmed through the Output 
Control Registers OACR and OBCR to be modified 
(Set, Reset, Toggle or No Operation) on each of 
Overflow/Underflow (OVF/UNF), Compare on 
CMPO valid (CMO), or Compare on CMP1 
(COMP1) valid events. This allows repetitive sig- 
nals such as PWM drive to be output with minimum 
CPU overhead. Fig 42 shows some typical wave- 
forms available from these signals. 


Figure 42. Example Output Waveforms 


RESET! | RESET 


ISA SGS-THOMSON 


$T9026,9027,9028 


Table 10. Input Pin Function Settings 


TOINA Input 
Function 


/O 


Input Control 
Register 
IN3-INO bits 


TOINB Input 
Function 


/O 


/O Trigger 
Gate /O 
Gate Trigger 


/O Ext.clock 


Trigger /O 
Gate Ext.clock 
Trigger Trigger 
Clock Up Clock Down 
Up/Down Ext.clock 
Trigger Up Trigger Down 
Up/Down VO 


Autodiscr. 
Ext.clock 
Trigger 
Gate 


Autodiscr. 


Trigger 
Ext.clock 
Trigger 


aa RESET) L <4 
| 


TOGGLE 
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SET | | SET ! | 


| 
| oe 
| 


VA00420 


33/64 


MICROELECTRONICS 


$T9026,9027,9028 


MULTIFUNCTION TIMER (Continued) 


The Overflow/Underflow event and the Compare 0 
event may also be programmed to give On-chip 
Event timing signals to trigger other peripheral 
operations on the ST902X. These are as shown in 
Table 11. 


- Table 11. ST902X On-Chip Event Settings 


MFTO Handshake Trigger Port 5 


The TxOUTA and TxINA lines for the timer may be 
connected internally, by setting of the SCx bits of 
the I/O Connection Register (IOCR). 


The Multifunction Timer is enabled for counting by 
the Counter Enable bit (CEN, TCR.7). When CEN 
is low, both prescaler and timer are halted. CEN is 
logically ANDed with the Global Counter Enable bit 
(GCEN, CICR.7). 


MFT Interrupts 


The Multifunction Timer can generate interrupt re- 
quests from 5 different interrupt sources which are 
grouped into 3 independent groups. The Interrupt 
Vector has the source of the interrupt group en- 
coded by hardware into the least significant 3 bits 
of the vector. This allows the programming of the 
base address to an 8 byte block within the interrupt 
vector area of the Program Space. The groups and 
respective addresses are shown in Table 12. 


Table 12. MFT Interrupt Vectors 


Each source may be independently masked, in 
addition all Timer interrupts may be disabled by the 
Global Timer Interrupt enable (GTIEN, IDMR.7) 
control bit. If a Timer interrupt on Compare 0 or 
Capture 0 does not have its corresponding pending 
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bit reset before the next interrupt, then an overrun 
condition occurs. This condition is flagged in two 
dedicated overrun bits inthe Timer FLAGS register. 


MFT DMA Channels 


Two independent DMA channels are present within 
the MFT, associated to the Compare 0 and Capture 
0 sources. This allows 16 bit DMAtransactions from 
Register File/Memory to COMPO registers, and 
from CAPTO registers to Register File/Memory. The 
DMA channels allow the capture of external event 
timings in memory allowing off-line analysis, and 
creating of variable pulse width signal trains, as 
required by the drive of Triacs in certain modes. 


The two interrupt mask sources are independently 
masked by two DMA mask bits, mapped in the 
IDMR register. The End of Block (EOB) procedures 
are as described in the INTERRUPT/DMA section. 


The DMA counter and address pointer registers 
share the most significant user-programmable 6 
bits for both DMAchannels (COMP 0 and CAPT 0), 
thus the mapping of the counter and address reg- 
isters use automatic offsets from the base address. 
The actual mapping changes dependent on 
whether the Register File or Memory is addressed 
for the transfer. The offsets are shown in Table 13. 


Table 13-1. MFT DMA Address and Counter 
Registers for Memory DMA Transfers 


POINTERS MAP INTO MEMORY 


Register File 


COMP 0 16 bit} yyyyyy 
ADDRESS 
POINTER | YYYYYY 

CAPT 0 16 bit} yyyyyy 
ADDRESS 
POINTER | YYYYYY 


INCREA- 
h) SING 
PRIORITY 


Address 
Pointers 


COMP 0 DMA] xxxxxx 
COUNTERG 16 bit 
COUNTER § | **XXxx 
APT 0 DMA | xxxxxx 
16 bit 
COUNTER _ | *XXXXx 


USER PROGRAMMABLE 


yyyyyy 
XXXXXX 
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MULTIFUNCTION TIMER (Continued) 


Table 13-2. MFT DMA Address and Counter 
Registers for Register File DMA Transfers 


POINTERS FOR REGISTER FILE DMA 


XXXXXX 


COMPARE 0 


XXXXXX 


XXXXXX 
CAPTURE 0 


XXXXXX 


USER PROGRAMMABLE 


After the transfer of the complete block of data 
to/from the MFT, the count registers reach the zero 
value and an end of block interrupt occurs so that 
the ST9 may process the new data. In many cases, 
the time taken to reload the data tables and to 
re-trigger the DMA action causes speed limitations, 
especially in those applications requiring a continu- 


Figure 43. Multifunction Timer Page Maps 
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ous high speed data flow, because of the time 
consumed by the restore routine. An additional 
DMA function, the SWAP mode, overcomes this 
limitation. This is enabled by the setting of the 
SWEN (IDCR.3) bit. This causes hardware gener- 
ated signals to replace the user address bit 2 of 
both the address and counter pointers. The ad- 
dress and counter registers are thus duplicated at 
an offset of 4 registers. At the End Of Block condi- 
tion, the EOB interrupt is generated to signal the 
end of DMA, and the state of pointer address bit 2 
toggles state automatically and the new address 
and count values are used. Thus the ST9 can safely 
process the previous block of data while the new 
block is being transferred. This will continue until 
the SWAP mode is disabled. 


A software protection scheme is implemented to 
prevent non-updated pointer registers from being 
used if a second EOB interrupt arrives during the 
servicing of the first. This mechanism locks the 
state of the DMA mask bit to prevent further trans- 
fers from taking place. The user should check for 
this condition in the EOB routine to ensure that all 
the DMA transfers are properly serviced. 


The control Registers of each MFT occupies 20 
registers within the I/O paged area. These are 
mapped as follows: 


In addition the MFT is able to trigger byte DMA 
transfers in both directions through an I/O port with 
Handshake (see I/O Handshake and DMA). 
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SERIAL PERIPHERAL INTERFACE (SPI) 


The Serial Peripheral Interface (SPI) is integrated 
into the Core module of the ST902X and provides 
a general purpose shift register based peripheral 
allowing synchronous serial I/O, with special 
modes allowing compatibility with I2C-bus and IM- 
bus Communication standards in addition to the 
standard serial bus protocol. The SPI uses 3 lines 
comprising Serial Data Out (SDO), Serial Data In 


Figure 44. SPI Functional Diagram 
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(SDI) and the Synchronous Serial Clock (SCk) 
which are available as Alternate Functions of 1/O 
pins. Additional I/O pins may act as device selects 
or IM-bus address ident signals. The functional 
diagram of the SPI is shown in Figure 44. 


The SPI, when enabled (SPEN, SPICR.7, high), 
receives input data from the ST9 internal data bus 
into the SPIDR, and originates the SCK to shift the 
data serially through SDO (Most Significant bit first) 
to the slave device which responds by sending data 
to the master device via the SDI pin. This implies 
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full duplex transmission with both data-out and 
data-in synchronized with the same clock signal. 
Thus the byte transmitted is replaced by the byte 
received, eliminating the need to separate "Tx 
Empty" and "Rx full" status bits. After the 8 clock 
cycles have been concluded, the received data in 
SPIDR is parallel transferred to the read buffer and 
data becomes available for the ST902X during the 
next read cycle of SPIDR. The BUSY bit (SPICR.4) 
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is set when transmission is in progress, this allows 
the user to monitor the status of the SPI by polling 
of this bit. 


The SPI can operate only in master mode, i.e. the 
clock is always generated by the ST902X, however 
the SCK polarity and phase can be programmed to 
suit all peripheral requirements Figure 45). This, 
together with the 4 programmable bit rates (divided 
from the INTCLK, Table 14), provide the large 
flexibility in handling different protocols. 
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SERIAL PERIPHERAL INTERFACE (Continued) 
Figure 45. SPI Data and Clock Timing 


INTERNAL 


READ STROBE 


SDI/SDO 


Table 14. SPI Rate Selection 


Clock SCK Frequency 
SPR1 SPRO (INTCLK = 12MHz) 


1500KHz (T = 0.67us) 


750KHz (T = 1.33us) 
93,50KHz (T = 10.66us) 
46.87KHz (T = 21.338) 


I?C-bus Compatibility 

The SPI includes additional circuitry to enable the 
use of external I?C-bus peripherals. The I?C-bus 
mode is a 2 wire bus while the SPI operates with 3 
wires, however wire-ANDing SDO and SDI gives 
the required signalling, while setting the BMS bit 
causes the enabling of the special I?C-bus fea- 
tures: Clock Slowdown by external devices and 
Arbitration Lost detection. This mode also affects 
the Interrupt sources as shown in the next section. 
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SPI Interrupts 


The SPI, when enabled, uses the INT2 external 
interrupt channel source, using the priority selected 
for INT2 within the External Interrupt Priority regis- 
ters. The INT2 mask bit should be set and INT2 
pending bit reset before enabling the SPI! through 
SPEN. The BMS (SPICR.6) and SPEN bits select the 
SPI internal interrupt source as shown in Table 15. 


Table 15. SPI Interrupt Sources 


| SPEN | BMS | Interrupt Source 


0 0 External channel INT2 
0 | 
| X 


SPI Registers 


The two registers controlling the SPI are located in 
I/O page 0, the Data Register, SPIDR, at R253 and 
the control register, SPICR, at R254. 


S-BUS/I°C start or stop condition 


End of one byte transmission 
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SERIAL COMMUNICATIONS INTERFACE 


< 


Function 


The Serial Communications Interface (SCI) of the 
ST902X offers a means of full-duplex serial data 
transfer to a wide range of external equipment with 
its fully programmable character format control for 
asynchronous and byte synchronous serial I/O, 
integral Baud Rate Generator, giving a maximum 
baud rate of 375K Baud in Asynchronous mode 
(Internal Clock), and two DMA channels for trans- 
parent transmission and reception of characters. 
Support is also present in hardware for Line Break 
Detection and generation, character search, net- 
work interfacing with 9th bit Address logic, and 
Local Loop Back and Auto echo modes for Self- 
Test. The control registers for the SCI exist within 
one I/O page within the 1/O page group. 


Figure 46. SCI Functional Block Diagram 


Character Formats 


When used for asynchronous character trans- 
mission and reception, the character format may 
be changed (through the Character Control Regis- 
ter CHCR) to suit external equipment require- , 
ments. This is summarized in Figure 47. 


The baud rate clock for asynchronous mode should 
be set to the +16 Mode and the frequency of the 
clock input (from an external source or the internal 
baud-rate generator output) set to suit this. 


This format control is also available for the byte 
synchronous mode (Clock divider set to +1), when 
the data and clock are output in synchronism, the 
data being sampled once per clock period (Figure 
48). For a second synchronous mode, CLKOUT is 
activated only for the data section of the word 
(Figure 49) on serial data output, and input data is 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


latched on the rising edge of the external syn- 
chronised clock input on the RXCLK pin. This 
mode may be used to access external synchronous 
peripherals. 


The Address bit/D9 is optional and may be added 
to any word format, it is commonly used in network 
or machine contro! applications. When enabled 
(AB, CHCR.4 = "1"), an address or ninth data bit 
can be added to a transmitted word by setting the 
Set Address bit (SA, IDPR.5). This is then ap- 
pended to the next word entered into the (empty) 
Transmitter Buffer Register and then cleared by 
hardware. On character input an Address Bit set 
can indicate that the data preceding the bit is an 


Figure 47. SCI Character Format 
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address which may be compared in hardware with 
the value in the Address Compare Register (ACR) 
to generate an Address Match interrupt when 
equal. 


The Address bit and Address Comparison Register 
can also be combined to generate an Address 
Interrupt in 4 modes to suit different protocols, 
based upon the status of the Address Mode Enable 
bit (AMEN, IDPR.7) and the Address Mode bit (AM, 
CHCR.7) as shown in Table 16. 


The character match Address Interrupt mode may 
be used as a powerful character search mode, 
giving an interrupt on reception of a predetermined 
eee e.g. Carriage Return or End of Block 
codes. 


START DATA PARITY ADDRESS STOP 


pte ft 
pome fo 


Figure 48. Byte Synchronous Output 


tp em sro a 
STOP BIT 


START BIT 
CLOCK Ht HHH (T4414 Alf 


VA0Q0272 
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re 


ON 
OFF 


Figure 49. Serial Expansion Mode 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


Table 16. Address Interrupt Modes 


lf 9th Data Bit = 1 
If Character Match 
lf Character Match and 9th Data Bit = 1 


If Character Match on Word Immediately Following 
Break 


The Line Break condition is fully supported for both 
transmission and detection. Line Break is sent by 
setting the SET_BREAK bit (SB, IDPR.6). This 
causes the transmitter output to be held low (after 
all buffered data has been transmitted) for a mini- 
mum of one complete word length and until the SB 
bit is Reset. 


SCI Interrupts 


The SClis able to generate interrupts from multiple 
sources. Receive interrupts include data pending, 


Figure 50. SCI Interrupt Typical Usage 


ADDRESS AFTER BREAK CONDITION 


BREAK 


MATCH 


BREAK ADDRESS DATA 
INTERRUPT INTERRUPT 


ADDRESS WORD MARKED BY D9=1 


ADDRESS BREAK 


INTERRUPT INTERRUPT 


receive errors (overrun, framing and parity), ad- 
dress or break pending and transmit interrupts are 
software selectable for either the Transmit Holding 
Register Empty (HSN, IMR.7 = "1") or for the 
Transmit Shift Register Empty (HSN = "0"). Inter- 
rupt sources are indicated by the Interrupt pending 
bits, shown in Table 17. These bits should be reset 
by the user during the Interrupt Service routine. 


Table 17. SCI Interrupt Vector 


Vector 
Interrupt Source 


Transmitter Buffer or Shift 
Register Empty/Transmit DMA 
end of Block 


Received Read/ Receive DMA 
hea Detector Address Word 


Receiver Error Xxxx x000 


Xxx X110 


ADDRESS 


NO MATCH 


DATA DATA BREAK 
INTERRUPT INTERRUPT 


ADDRESS ADDRESS 


MATCH 


ADDRESS DATA DATA 
INTERRUPT INTERRUPT 


CHARACTER SEARCH MODE 


INTERRUPT 


NO MATCH 


DATA 


INTERRUPT 


DATA DATA CHAR DATA 
INTERRUPT INTERRUPT MATCH 
INTERRUPT 


D9 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT 


LDATA DATA Of 09-1 ft OATA DATA YODATA_) 


DATA DATA D9=1 DATA 


INTERRUPT INTERRUPT INTERRUPT 
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INTERRUPT = INTERRUPT 


INTERRUPT = INTERRUPT 


DATA DATA 
INTERRUPT 


DATA DATA 
INTERRUPT 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


When DMA is active the Receive Data Pending bit 
(RXDP, ISR.2), and the Transmit status bit interrupt 
sources are replaced by the DMA End Of Block 
Interrupt sources for transmit and receive, respec- 
tively. 

Typical Usage of the Interrupts provided by the SCI 
are show in Figure 50. 


The SCI interrupts have an internal priority struc- 
ture (Table 18) in order to resolve simultaneous 
events. 


Table 18. SCI Interrupt Internal Priority 
Receive DMA Request Highest Priority 


Transmit DMA Request 


Receive Interrupt 


Transmit Interrupt Lowest Priority 


The four major levels of interrupt are encoded in 
hardware to provide two bits of the interrupt vector 
register, allowing the position of the block of pointer 
vectors to be resolved to a block size of 8 bytes. 


SCI DMA 


Two DMAchannels are associated with the SCI, for 
transmit and for receive. These follow the register 
scheme as described in the DMAsection. It should 
be noted that, after initializing the DMA counter and 
pointer registers and enabling DMA, data trans- 
mission is triggered by a character written into the 
Transmit Holding register. The DMA End Of Block 
Interrupts generated on completion of the DMA 
transfer take the place of the normal transmit and 
receive character interrupt vectors. 


SCI Clock Generation 


The communication bit frequency of the SCI trans- 
mitter and receiver sections can be provided from 


ky SGS-THOMSON 
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the integral Baud Rate Generator (allowing a maxi- 
mum asynchronous bit rate of 350k Baud) or from 
external sources (maximum bit rate 175k Baud). 
This clock is divided by 16 for asynchronous mode 
(CD, CCR.3, ="0"), or divided by 1 for synchronous 
modes (CD = "1"). 


External Clock Sources. The External Clock input 
pin TXCLK may be programmed in Alternate func- 
tion by bits TXCLK (CCR.7) and OCLK (CCR.6) to - 
be: the transmit clock input (respecting the +16 and 
+1 timing requirements), to act as the output of the 
Baud Rate Generator (allowing an external divider 
circuit to provide the receive clock for split rate 
transmit and receive e.g. 1200/75 baud), or to be 
CLKOUT, the clock output for the synchronous 
mode. Receive clock input via RXCLK Alternate 
function is enabled by the XRX bit CCR.5, this input 
should be set according to the setting of the CD bit. 


Baud Rate Generator. The integral Baud Rate 
Generator is a 16 bit divide by n circuit of the 
Internal Clock INTCLK. Thus INTCLK should be 
chosen to provide a suitable frequency for division 
by the Baud Rate Generator to give the required 
transmit and receive bit rates. Suitable INTCLK 
frequencies and the divider values for standard 
Baud rates are shown in Table 19. 


The act of writing to either of the two registers 
comprising the 16 bit divider causes a reset of the 
SCI, allowing initialization of the SCI settings before 
the writing of the other Baud Rate Generator reg- 
ister. 


Self Test 


Testing of the communications channel may be 
performed using the facilities of the SCI. Auto Echo 
mode (SCI SOUT disconnected, SIN pin internally 
connected to SOUT pin) and Loopback mode (SCI 
transmitter and receiver sections disconnected 
from SOUT and SIN pins and directly connected 
internally) may be used individually or together. 
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SERIAL COMMUNICATION INTERFACE (Continued) 


Table 19. SCil Baud Rate Generator Divider Values 


INTCLK: 7680.000 KHz 


Baud Rate |Clock Factor 
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Desired Freq 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 


1228.80000 


Desired Freq 
(kHz) 
0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


Actual Baud | Actual Freq 


0.80000 
1.20000 
1.75985 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
590.76923 
1280.00000 


0.80000 
1.20000 
1.75990 
4.80000 
9.60000 

19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 
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Deviation 


0.0000% 
0.0000% 
0.0083% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.8462% 
4.1667% 


0.0000% 
0.0000% 
0.0058% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
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SOFTWARE DESCRIPTION 


Addressing Modes 


The ST902X offers a wide variety of addressing 
modes and combinations to facilitate full and rapid 
access to the address spaces while reducing pro- 
gram length. Register addressing (using the work- 
ing register group mechanism or directly 
addressed) can be used as 8 or 16 bit values for 
data or indirect addressing into the memory spaces 
or the Register File. The selection between Pro- 
gram Memory and Data Memory is performed 
through the DP bit in the FLAG Register, all sub- 
sequent actions on the memory space will affect 
the selected map only, apart from the memory map 


Table 20. Addressing Mode 


Register Direct 

Register Indirect 

Register Indexed 

Memory Direct 

Memory Indirect 

Memory Indirect with Post-Increment 
Memory Indirect with Pre-Decrement 


Memory Indexed with Immediate Short 
Offset 


Memory Indexed with Immediate Long 
Offset 


Memory Indexed with Register Offset 


Memory Indirect Post-Increment to 
Indirect Register Post-Increment 


Memory Map to Memory Map both with 
Post-Increment 


Bit Address 


Legend: 
N  =8 bit Value 
NN = 16 bit Value or Address 

= Working Register 

= Directly Addressed Register 
) =Indirect Addressing 
)+ = Indirect with Post-Increment 
) = Indirect with Pre-Decrement 
= Bit Number (0 to 7) 


Lee ay 


( 
b 
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to memory map post-increment addressing mode 
which allows the map to be specified as part of the 
instruction for both destination and source oper- 
ands. Apart from the immediate data and condition 
codes all operands are expressed as register file 
or memory addresses. 


The available addressing modes, with the ST9 
macro-assembler notation, are in Table 20. 


Combinations of Available Addressing Modes | 


Table 21 describes the addressing modes available 
for the register file and the memory (both as a 
destination and as a source) for the two operand 
arithmetic, logic or load instructions. 


Table 21. Addressing Mode Permutation for 
Instructions 


Two Operand Arithmetic and Logic Instructions 


[_vestnaton [Sours 


Register Direct Register Direct 


Register Direct Register Indirect 


Register Direct Memory Indirect 


Register Direct Memory Indexed 


Register Direct Memory Indirect with 
Post- Increment 
Register Direct Memory Indirect with 
Pre- Decrement 


Register Direct Memory Direct 


Register Indirect Register Direct 


Memory Indirect Register Direct 


Memory Indexed 


Register Direct 


Memory Indirect with 
Post- Increment 


Register Direct 


Memory Indirect with 
Pre- Decrement 


Register Direct 


Memory Direct Register Direct 
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SOFTWARE DESCRIPTION (Continued) 


Table 21. Addressing Mode Permutation for 


Instructions (Continued) 


Two Operand Load Instructions 


Register Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 
Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 
Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 


Two Operand Arithmetic and Logic Instructions 
[Destination [Source 


Register Direct 
Memory Direct 


Memory Indirect 


Immediate 
Immediate 


Immediate 


Two Operand Load Instructions 
[Bestration [Source 


Register Direct 
Memory Direct 


Memory Indirect 


Long Indexed Memory “) 
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Immediate 
Immediate 
Immediate 


Immediate 


Table 21. Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Arithmetic, Logic & Load Instructions 


Memory Indirect 


Destination 


Memory Indirect 


Two Operand Load Instructions @ 
a — ae 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Notes: 
1. Load Word only 
2. Load Byte only 


Instruction Set 


The ST902X instruction set consists of 87 instruc- 
tion types functionally divided into eight groups as 
in Table 22, they are: 


— Load (two operands) 

— Arithmetic & Logic (two operands) 

— Arithmetic Logic and Shift (one operand) 
— Stack (one operand) 

— Multiply & Divide (two operands) 

— Boolean (one or two operands) 

— Program Control (zero to three operands) 
— Miscellaneous (zero to two operands) 


The wide range of instructions facilitates the full use 
of the register file and address spaces, reducing 
execution times, while the register pointers mech- 
anism allows an unmatched code efficiency and 
ultrafast context switching. A particularly notable 
feature is the comprehensive "Any Bit, Any Regis- 
ter" (ABAR) addressing capability of the Boolean 
instructions. 


The ST902X can operate with a wide range of data 
lengths from single bit, 4-bit nibbles which can be 
in the form of Binary Coded Decimal (BCD) digits, 
8-bit bytes and 16-bit words. The summary on 
Table 22 shows the instructions belonging to each 
group and the number of operands required for 
each. The source operand is "src", "dst" is the 
destination operand, and "cc" is the condition code 
selection. 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Instruction Set Summary 


Load Instructions (Two Operands) 


Operand 
c|z|s|vjo|# 
LD dst, src Load 
LDW dst, src Load Word 


Arithmetic and Logic (Two Operands) 


a, 


— —— src eee 

ADDW dst, src Add Word 

ADC dst, src Add with Carry 

ADCW dst, src Add Word with Carry : ? 
SUB dst, src Subtract 

UBW dst, src Subtract Word 

SBC dst, src Subtract with Carry 

SBCW dst, src Subtract Word with Carry 

AND dst, src Logical AND — 
ANDW dst, src Logical Word AND ? ¢ 
OR dst, src Logical OR 

ORW dst, src Logical Word OR 

XOR dst, src Logical Exclusive OR 

XORW dst, src Logical Word Exclusive OR 

CP dst, src Compare 

CPW dst, src Compare Word 

T™ dst, src Test Under Mask 

TMW dst, src Test Word Under Mask 

TOM dst, src Test Complement Under Mask 

TCMW dst, src Test Word Complement Under Mask 


Legend : 

= Bit set to zero 

= Bit set to one 

= Bit affected 

= Bit status undefined 
= Bit not affected 


ver 


I vb +O 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Instruction Set Summary (Continued) 


Arithmetic Logic and Shift (One Operand) 


Operand 
sive] rt 
INC dst Increment 
INCW dst Increment Word 
DEC dst Decrement 
DECW dst Decrement Word 
SLA Shift Left Arithmetic 
Shift Word Left Arithmetic 


n 
= 


SRA dst Shift Right Arithmetic 

SRAW dst Shift Word Right Arithmetic 

RRC dst Rotate Right through Carry 

RRCW dst Rotate Word Right through Carry 
RLC dst Rotate Left through Carry 

RLCW dst Rotate Word Left through Carry : 
Rotate Right 


noe 
Ea 
[ox foo ef fa [f= 


Stack Instructions (One Operand) 


PUSH src Push on System Stack 

PUSHW src Push Word on System Stack 

PEA src Push Effective Address on System Stack 
POP dst Pop from System Stack 
POPW dst Pop Word from System Stack 

Push on User Stack 

Push Word on User Stack 

Push Effective Address on User Stack 
POPU dst Pop from User Stack 
POPUW dst Pop Word from User Stack 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Instruction Set Summary (Continued) 


Multiply and Divide Instructions (Two Operands) 


Operand 
Gel a 


Cr ee oo Boone 
DIV dst, src Divide 16/8 A | ? 
DIVWS Divide Word Stepped 32/16 2? |? 


Boolean Instructions (Two Operands) 


Operand | Flags 
Pelee leg 


Ec 
[won fonse [ero 


Boolean Instructions (One Operand) 
[aul Reed 


Bia 
Ck 
feor. [on [arconoinen == 
feretfos [ermwewen fs fe fof 


Program Control Instructions (Three Operands) 


ee 
Compare and Jump on False, 
Compare and Jump on True, 


DES 
ayes 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Instruction Set Summary (Continued) 


Program Control Instructions (Two Operands) 


Operand | Flags 


dst, src Bit Test and Jump if False 
dst, src Bit Test and Jump if True 


dst, src Piel a Working Register and Jump if Not = 


BIJF 
BTJT 


DJNZ 


DWJNZ dst,src Decrement a Register Pair and Jump if Not Zero 


Program Control Instructions (One Operand) 


Operand 


cc, dst Jump Relative if Condition is Met 


qj 
Uv 


c 
=) 


cc, dst Jump if Condition is Met 


JP dst Unconditional Jump 


CALL dst Unconditional Call 


Program Control Instructions (No Operand) 


RET Return from Subroutine 


IRET Pe Return from Interrupt ey 
~ Stop Program Execution and Wait Next Enabled In- - 


O 
SG 
@ 
- 
9 
3 
Q. 


WEI terrupt. If a DMA request is present the CPU ex- 


ecutes the DMA service routine and returns to WFI 
state. 


HALT 


XCH dst, src 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Instruction Set Summary (Continued) 


Miscellaneous (One Operand) 


ome form | em err 


|srP | sre_————_—| Set Register Pointer Long (16 Working Registers) _ | | Set Register Pointer Long (16 Working Registers) Register Pointer Long (16 Working Registers) 
Ce ae CES Se 
rene [ow | Sapiro uso otro sewey [= [=[=[=[= [= 
Ea a ddd 
a a Od edd 
rr 


Miscellaneous (No Operand) 


Operand | Flags 
ROE 


eens 
icons = 
se eee 
ror [rete =F 
[oor [coroners ts === 
En a dd 
[son [seven 
por te orente 


D - Decimal Adjust 
H - Half Carry 


One of the two remaining bits in the flag register is 


Processor Flags 


An important aspect of any single chip microcon- 
troller is the ability to test data and make the 
appropriate action based on the results. In order to 


provide this facility, register 231 in the Register File 
is used as a Flag Register. Six bits of this register 
are used as the following flags: 


C - Carry 

Z - Zero 

S - Sign 

V - Overflow 


kyy BSonncones 


available to the user (bit 1, F1). Bit 0 is the Pro- 
gram/Data Memory selector bit and is operated on 
directly by the hardware within the ST902X. The 
P/D pin will follow the status of this bit. 


Condition Codes. Flags C, Z, S, and V control the 
operation of the "conditional" Jump instructions. 
Table 23 shows the condition codes and the flag 
settings affecting the jump. 
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SOFTWARE DESCRIPTION (Continued) 

Table 23. Condition Codes Summary 
Code 

Always False 

Ve Always True 

es cs 


Carry 


C 


No Zero 


Ce 

Overflow 

No Overflow 

Not Equal 

Greater Then or Equal 
Less Than 

Greater Than 


Less Than or Equal 


Unsigned Less Than 
Unsigned Greater Than 


Unsigned Less Than or Equal 


POWERFUL DEVELOPMENT ENVIRONMENT 
ST9 Software Tools 


The following Software Tools are available for MS- 
DOS, SUN-3 and SUN-4 operating systems: 


AST9 high-level macro assembler with predefi- 
nited macro instructions (IF/ELSE, 
WHILE, DO, LOOP, SWITCH, BREAK, 


PROCEDURE, RESTURN). 


LST9 Incremental Linker/Loader. 
CST9 Optimised C-Compiler (ANSI STANDARD). 
50/64 
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Unsigned Greater Than or Equal 


= 
= 


(Z or (S xor V)) = 0 
)=1 


(CorZ 


ARST9 Library Archiver. 


SIMST9 Software Simulator with realtime emula- 
tion executor 


ST902X Hardware Emulator. Realtime emulation 
of the ST902X in all packaging options is performed 
by a modular emulation system, interfaced to the 
host computer through an RS232 channel, whit 
powerful hardware breakpoints, on-line assem- 
bler/disassembler, emulation and trace memory. 
The emulator is fully supported by a simbolic on- 
line debugger and help facility. 
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ABSOLUTE MAXIMUM RATINGS 


ee 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 


[toss [itera Ose ewerey 


‘DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta = — 40 °C to + 85°C, unless otherwise specified) 


Vin Input High Level 
CMOS 0.7 Vop VOD+ | y 
0.3 
moo wes | 
Vit Input Low Level 
Output High Level Push Pull, lload = —0.8mA Vpp — 0.8 a rr Ey 


Push Pull or Open Drain, 
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DC ELECTRICAL CHARACTERISTICS (continued) 


Test Conditions 


Active Pull-up Current, — 200 — 420 
/O Pin Input Leakage Input/Tri-State, OV < Vin < Vpp 
3 


[two |ormittedase —|Gerdtensvcinee | “9 | 
es [OSENPimttedege —[ovevw=vin | | 
<a 


Run Mode Current 
4MHz, Note 1 


Run Mode Current 24MHz, Note 1 ae 
by 2 
eee 4MHz, Note 4 a i | 8 | mA A 


24MHz, Note 1 
IWF WFI Mode Current 
4MHz, Note 1 
HALT Mode Current 24MHz, Note 1 


Note: 
1. All /O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = -0.8mA 
PUSH-PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH-PULL OUTPUT 
TEST CONDITION 
“0” SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vpp = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


TrC, TfC OSCIN Rise and Fall Time 


TwCL, TwCH OSCIN Low and High Width 
Notes: 


1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vit =0.2V DD 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified 


Value (Note) 
Parameter OSCIN Divided OSCIN Not Divided 
By 2 By 2 
oe Time TpC (2P+1) -22 TWCH+PTpC -18 
ae Hold Time after AS TpC -17 TwCL -13 
) 


~~” 


Symbol 


—_k, 


a 
BE 


(AS 
( 


hAS (A 


N 
H 


a 
Zl 2a 
cil D 
rl7 
2\6 
Ds 
x | 9 
Oo! > 
S| 5 
a} B 
Tilo 
o 
sab) 
2 
sa) 
olo 
OQ}; 
TOR 
ul 
+]+ 
=! Pro 
|= 
NUR 
| 

ol 
Nh 
a'| 5 
O|O 
rls 
“y| 
Sit 
3/= 
| ; jw 
Oy | 
= 


) I 
) 
dAS (DR) 
wAS j 
dAz (DS) 
wDSR DS Low Pulse Width (read) |TpC (4P+2W4+3)-20 |TWOH+TpC (2P+W+1) | 49 
idth ( ) 


16 
wDSW DS Low Pulse Width (write) |TpC (2P+2W+2)-13 {TpC (P+W+1) —-13 0 
6 


) 
TdDSR (DR) oe Data Valid Delay TpC (4P+2W-3) —50 pechenpc cori = 
) 


7 


10 


ThDR (DS) |Data to DS T Hold Time (read) 
11 |TdDS (AS) 


dDS (A) _ |DS T to Address Active Delay |TpC —7 
sRW (AS 


— 


12 


) 
13 ) 


3 
TADSR (PAN) Not valid Dey eS (TPC 2 TwOL-S 
TdDW Write Data Valid to DS J 
(DSW) Delay (write) TpC (2P+1) -32 TwCH+PTpC —28 
15 IThDS (DW) aoe Time after DS T TpC -9 TwCL 5 
16 |TdA (DR) Belay (eed): to Data Valid Linc (gp.2wes) ea [TWOH=TpC (9P+W+2 | sao | 


17 |TdAs (DS) |AST to DS J Delay TpC -18 TwCL —-14 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


pay 
aS OT; BI] © 


H 


Legend: TpC =OSCIN Period 
P  =Clock Prescaling Value TwCH = High Level OSCIN half period 
W_ = Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not 
By 2 Divided By 2 


1 |TdAS (WAIT) |AS T to WAIT J Delay 2(P+1)TpC -29  |(P+1)TpC-29 | 
TdAS (WAIT) |AS T to WAIT T Minimum Delay |2(P+W+1)TpC —4 [(P+W+1)TpC -4 | 80 | 


TAS (WAIT) |AS T to WAIT T Maximum Delay [20°*W*1)TPC— lp. wat)Tpc —29 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


a 


Stamee 


(eat YK 


Os 
(WRITE) 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VA00115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN Not Divided 
By 2 By 2 


a TpC+8 TwCL412 
+ leanne. lance causa! | 50 | 
TpC(6P+2W+7)+65 TpC(3P+W+3)+TwCL+65] | 360 


| 2 |TdBR (BACK) |BREQTto BUSACKT |3TpC+60 TpC+TwCL+60 185 
is fmcromfmee [ow f= [a 
re feccombemree |e [= | dele 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 


prescale value and number of wait cycles inserted. 
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 


and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 
CPUCLK 


BUSREQ 


BUSACK 


MEMINT 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, RW, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter a ehided 
y 


RDRDY, WRRDY Pulse oar 
1 |TwRDY Width in One Line ne 
Handshake (P+W+1) -18 


a= 
= 
oes 
= 
+ 
—_ 
| 


RDSTB, WRSTB Pulse 
2 |TwSTB Width 


RDSTB, or WRSTB T 
3 /TAST (RDY) | RDRDY or WRADY J 
Port Data to RDRDY T (2P+2W+1 
SEPA) Set-up Time TpC —25 
Port Data to WRRDY J Set- 
TsPD (RDY) |up Time in One Line 43 
Handshake 
Port Data to WRRDY J Hold 
ThPD (RDY) Time in One Line Handshake 


p 
7 |TsPD (STB) Seuip time WRSTB T 


ThPD (STB) ial oo WRSTB T 


RDSTBD T to Port Data 
TdSTB (PD) |Delay Time in Bidirectional 


ol 


Handshake 


RDSTB T to Port High-Z 
Delay Time in Bidirectional 
Handshake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VA00115 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta = -40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN eee 
Divided | pivided 
: By 2 Min. | By 2 min. 


1 Low Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 | TpC+12 p95 | 


High Level Minimum Pulse Width in Rising Edge Mode | 2TpC+12 | TpC+12 
High Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | Tpc+12 
Low Level Minimum Pulse Width in Falling Edge Mode | 2TpC+12 | TpC+12 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) " 


WATCHDOG TIMING 


VA00110 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 
Alternate Function set as Push-pull) 


SCK to Output Data Valid fo 4 
| 6 [TwSkKH SCK High Pulse Width 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 51. 40-Pin Plastic Dual In Line (B) 


Figure 52. 48-Pin Plastic Dual In Line (B) 


—— 
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PACKAGE MECHANICAL DATA (Continued) 
Figure 53. 44-Lead Plastic Leaded Chip Carrier (C) 


Tin [Typ [ax min | Ty 
A fizao|. (v7e5{ases| — [oead 
ssi] [166sfosso| [oss 
¢ [3s6| [370 ona0l —_[o.1s 
des ees 
rao | 487 [ones] [oxza 
[eso |274[oa0i] [oao7 


| [oss] | fo.o26] 
14.99] _|16.00/0.590| 0.629 


at 


(= 
-—— ae 
— 
Ce] 
— 
——e 
= 
a 
I 
a 
= 


|_ 
= 
<a 
= 
a 
= 
J 
— 
—ant 
— 
——- 


a UT (RY 7, jens eal 


STC 


Eh 
0.46 | . 
0.027 

-G {| |otor}  fo.oos} 
pm | lie] | fooss) 


pm fitat | fost 
jor} |is7] | foost] 
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ST9026,ST9027,ST9028 OPTION LIST 


Please copy this page (enlarge if possible) and complete ALL sections. Send the form, with the ROM code 
image required, to your local SGS-THOMSON sales office. 


Customer Company : Patdte eatin Sand Adana oa ened ane wean eaeaa wae eee eee ] 

Company Address: — [AG p enh oes eonth Aa pa teanaenine eames amore Eber yearn te deas ] 
Ue sisneso Se aie alent ny Sater ae ae isdn ae bet een doaudaas ] 

Telephone : [ried sete arated aaa nes Sata ak ] 

FAX : Le Satemeneenrmneda es ] 

Contact : uetecac Mente outa octet ] Telephone (Direct): [.. | inne Gesernlcned tbat dak ] 


Please confirm device required : 


Device [ ](d) Package [ ] (p) Temperature Range [ ] (t) 
Special Marking [ ] (y/n) 11 characters for ST9026 ry] dd) dd bd bb aN) 
13 characters for ST9027 fl J] ?- dd td td td to (NN) 
2X 11 characters forST9028 [|] ]|]][{]14] | J(N) 
Cl}? ttt tt tt 1) 
Notes : 


(d)1= ST9026, 2=ST9027, 3 = ST9028 

(p) B = Dual In Line Plastic, C = Chip Carrier Plastic 
(t) 1 =0 to+70°C, 6=-40 to +85°C 

(N) Available : ASCII 020h - O5Fh 


Please consult your local SGS-THOMSON sales office for other marking details 


ROMLESS OPTION (consult text) 
YES 


} NO 

If yes, identify required pin (Port.bit) 

[ ] P37 [ ]  P2.0 
Code : - [ ] EPROM (27128, 27256) 

[ ] HEX format files on IBM-PC® compatible disk 

filename: [)....... 2... eee eee ] 

Confirmation : [ ] “Code checked with EPROM device in application 
Yearly Quantity forecast : pes cak a madsc waren state koaites: ] kK units 
- for a period of : Nieteed re sR Weoste feat Sb hSeh gt cae ] years 
Preferred Production start dates : er er Crete eee ] (YY/MM/DD) 
Customer Signature : theo cae snat chasse bY aioe gene een seen ene ] 
Date : Links Sea retreat Set amas eae neo eoctahaod ] 
64/64 
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(7 SGS-THOMSON = 8190E26,E27,E28 


16K EPROM HCMOS MCUs WITH RAM 


= Single chip microcontroller with 16K bytes of 
EPROM, 256 bytes of RAM and 256 bytes of 
register file with 224 general purpose registers 
available as RAM, accumulators or index poin- 
ters. 


= 8/16 bit CORE with full feature DMA controller, a 
powertul interrupt handler and a Standard Serial 
Peripheral Interface (SPI) handling S-bus, I@C- 
bus, IM-bus. 


= Up to 7 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. . 

A 16 bit Multifunction Timer module, with an 8 bit 
prescaler and 12 operating modes, allowing 
simple use for complex waveform generation and 
measurement, PWM functions and many other PDIP48 
system timing operations. 


ae ae none vom ia ee (Ordering Information at the end of the datasheet) 
chronous and byte synchronous capability (fully 

programmable format) and address/wake-up bit 
option. 

=» On-chip DMA channels associated to the Multi- 
function Timer and the Serial Communications 
Interface. 


= Upto five 8 bit I/O ports with programmable input 
thresholds and output characteristics. Alternative 
functions allow the full use of all pins. 

= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 

= Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 

= 48-pin Window Dual in Line Ceramic Multilayer 
package for ST90E26. 

= 40-pin Window Dual in Line Ceramic Multilayer 
package for ST90E27. . 


ma 44-lead Window Ceramic Leaded Chip Carrier 
package for ST90E28. 


m 48-pin Dual in Line Plastic package for ST901T26. CDIP4sw 
= 40-pin Dualin Line Plastic package for ST90T27. 


m 44-lead Plastic Leaded Chip Carrier package for 
ST90T28. 
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GND 

OSCIN 
RESET/Vpp 
AB/P1g 
AQ/P1, 
A10/P15 
A11/P13 
A12/P14 
A13/P15 
A14/Plg 
A14/P17 
A0/D0/P09 
A1/D1/P0 1 
A2/02/P0 9 
A3/D3/P03 
A4/D4/P04 
AS/D5/PO5 
A6/D6/P0¢ 
A7/07/P07 


Figure 1. ST90E26,T26 Pin Configuration 


OSCOUT 

P50 

P51 

P52 

P53 

P54 

P35 

P56 

PS7 

P30/INT4/TOINA 
P34/INT5/TOOUTA 
P39/INT6/TOINB 
P33/INT7/TOOUTB 
P34/RXCLK /WDOUT 
P35/CLKOUT/TXCLK /WDIN 
P36/SIN 

P37/SOUT 

P2 7/RDSTB5/BUSACK /INT3 
P26/RDRDYS/BUSREQ 


ST90E26,90E27,90E28 - ST90T26,90T27,90T28 


RESET/Vpp 
A8/P 1 
AQ/P1 
A10/P19 
A11/P13 

A0/D0/P09 

A1/D1/PO , 

A2/02/P09 
A3/D3/P03 
A4/D4/P04 
A5/D5/P05 
A6/D6/P0¢ 
A7/07/P07 
P/D/NMI/P2 
WAIT/SDO/P2 , 


Figure 2. ST90E27,1T27 Pin Configuration 


OSCOUT 
P30 

P51 

P59 

P53 

P39/INT4/TOINA 
P34/INTS/TOOUTA 
P35/INT6/TOINB 
P33/INT7/TOOUTB 
P34/RXCLK /WDOUT 
P35/CLKOUT/TXCLK/WDIN 
P36/SIN 

P37/SOUT 
P27/RDSTBS/BUSACK /INT3 
P2¢/RDRDYS/BUSREQ 
P25/WRRDYS 
P24/WRSTBS/INT1 


SCK /INT2/P29 P23/SDI/INTO 
Vee R/W 
AS DS 


P/D/NMI/P2 9 P25/WRRDYS 
WAIT/SDO/P2 , P24/WRSTB5/INT1 
SCK/INT2/P2 5 P23/SDI/INTO 
Vec R/W 
AS DS 


VROA1370 VROA1371 


Figure 3. ST90E28,T28 Pin Configuration 


oT A10/P1, 
WT) Vpp /RESET 
|] OSCOUT 


aN 


AI1/P15 

A12/P1, 

A13/P 1. 37(0 P39 /TOINA /INT4 
A0/D0/PO 5 36 P3, /TOOOUTA/INTS 
A1/01/PO, Beaheae 35( P32 /TOINB/INT6 
A2/02/P0, 3410 P33 /TOOUTB/INT7 


A3/03/P0, 3310 P34 /RXCLK/WDOUT 
A4/D4/P0, 32] P3s /CLKOUT/TXCLK /WDIN 
A5/D5/P0. 317 P3¢ /SIN 

A6/D6/PO. 30 P37 /SOUT 


A7/07/P0, 29] P27 /RDSTBS/BUSACK /INT3 


oo 
= 
wo 
N 
(oe) 
a 


P/D/NMI/P29 CI] 
WAIT/P2 
SCK/INT2/P29 (1 


RDRDY5/BUSREQ/P2, UU 


VROA1372 
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Figure 4. ST90E2X Block Diagram 


ea 256 BYTES - |256 BYTES 16K BYTES 16—BIT 
TIMER SPI CPU 
WITH DMA REGISTER FILE RAM EPROM TIMER/WDG 
MEMORY BUS 
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GENERAL DESCRIPTION 


The ST90E26, ST90E27 and ST90E28, ST90T26, 
ST90T27 and ST90T28 (following mentioned as 
ST90E2X) are EPROM members of the ST9 family 
of microcontrollers, in windowed ceramic (E) and 
plastic OTP (T) packages respectively, completely 
developed and produced by SGS-THOMSON 
Microelectronics using a proprietary n-well 
HCMOS process. 


The EPROM parts are fully compatible with their 
ROM versions and this datasheet will thus provide 
only information specific to the EPROM based 
devices. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST9030 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


The EPROM STS0E2X may be used for the proto- 
typing and pre-production phases of development, 
and can be configured as: standalone microcon- 
trollers with 16K bytes of on-chip ROM, microcon- 
trollers able to manage up to 120K bytes of external 
memory, or as parallel processing elements in a 
system with other processors and peripheral con- 
trollers. 


A key point of the ST90E2X architecture is its 
modular approach which allows software common- 
ality with all other members of the ST9 family. 


The nucleus of the modular design of the ST90E2X 
is the advanced Core which includes the Central 


VROA1373 


Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST9OE2X 
with up to 40 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to five 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
an address/data bus for interfacing external mem- 
ory, timer inputs and outputs, external interrupts 


, and serial or parallel !/O with or without handshake. 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (internal and external), Data Memory (in- 
ternal and external) and the Register File, which 
includes the control and status registers of the 
on-chip peripherals. 


The 16 bit MultiFunction Timer, with an 8 bit Pres- 
caler and 12 operating modes allows simple use 
for complex waveform generation and measure- 
ment, PWM functions and many other system tim- 
ing functions by the usage of the two associated 
DMA channels for each timer. 


. 3/23 
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GENERAL DESCRIPTION (Continued) 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance state along with 
Port 0 and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST90E2X 
accesses on-chip memory, DS is held high during 
the whole memory cycle. It can be placed in a high 
impedance state along with Port 0, Port 1, AS and 
R/W. 


RW. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. It can be placed in a high 
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impedance state along with Port 0, Port 1, AS and 
DS. 


RESET/Vpp. Reset (input, active low) or Vpp 
(input). The ST9 is initialised by the Reset signal. 
With the deactivation of RESET, program execu- 
tion begins from the Program memory location 
pointed to by the vector contained in program 
memory locations 00h and Oth. In the EPROM 
programming Mode, this pin acts as the programm- 
ing voltage input VPP. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


Vpp. Main Power Supply Voltage (+5V +10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0- 
P5.7. /O Port Lines (Input/Output, TTL or CMOS 
compatible). 8 lines grouped into I/O ports of 8 bits, 
bit programmable under program control as 
general purpose I/O or as Alternate functions (see 
next section). 


I/O Port Alternate Functions. 


Each pin of the I/O ports of the ST90E2X may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Due to Bonding options for the packages, some 
functions may not be present, Table 1 shows the 
Functions allocated to each I/O Port pins and a 
summary of packages for which they are available. 


ky SGS-THOMSON 
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ST90E26,90E27,90E28 - ST90T26,90T27,90T28 


PIN DESCRIPTION (Continued) 
Table 1. ST90E26X I/O Port Alternate Function Summary 
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PIN DESCRIPTION (Continued) 
Table 1. ST90E26X I/O Port Alternate Function Summary (Continued) 


Function 
IN/OUT 
P2.6 BUSREQ 
P2.7 INT3 


RDSTB5 
BUSACK 


CLKOUT 


P3.5 TXCLK 
P3.5 WDIN 


P3.7 SOUT 


1/0 PORT 


Alternate Function 


External Bus Request 
External Interrupt 1 


pees Read Strobe 
External Bus Acknow- 
ledge 


MF Timer 0 Input B 


SCI Byte Sync Clock Out- 
put 


90E27 90E28 
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ST90E26,90E27,90E28 - ST90T26,90T27,90T28 


MEMORY 


The memory of the ST9OE2xX is functionally divided 
into two areas, the Register File and Memory. The 
Memory is divided into two spaces, each having a 
maximum of 65,536 bytes. The two memory 
spaces are separated by function, one space for 
Program code, the other for Data. The ST90E2X 
16K bytes of on-chip ROM memory is selected at 
memory addresses 0 through 3FFFh (hexadeci- 
mal) in the PROGRAM space, while the ST90T2X 
OTP version has the top 64 bytes of the program 
space reserved by SGS-THOMSON for testing 
purposes. The 256 bytes of on-chip RAM memory 
is selected at memory addresses 0 through OFFh 
in the DATA space. 


Figure 5. Memory Spaces 


INTERNAL 


EXTERNAL 


PROGRAM 
SPACE 


REGISTER 


External memory may be addressed using the 
multiplexed address and data buses (Alternate 
Functions of Ports 0 and 1). At addresses greater 
than the first 16K of program space, the ST90E2X 
executes external memory cycles for instruction 
fetches. External Data Memory may be decoded 
by using the P/D Alternate Function output. The 
on-chip general purpose (GP) Registers may be 
aye as RAM memory in addition to the on-chip 
RAM. 


EPROM PROGRAMMING 


The 16384 bytes of EPROM memory of the 
ST90E2X (16320 for the ST9O0T2X) may be pro- 
grammed by using the EPROM Programming 
Boards (EPB) available from SGS-THOMSON. 


RAM 


INTERNAL EXTERNAL 


VRO01404 
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ABSOLUTE MAXIMUM RATINGS 


[Smit [Paramore 
A 1 
[Rito es Arla Sippy Vols ————SSS—*dt Case oS | 
[i warvonge «dest ooo | 
SO 
[ver [routvoensonvorn dCs | 


Note: Stresses above those listed as "absolute maximum ratings” may cause permanent damage to the device. This is a stress rating only and 
epeete ope ratien of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


</|</|/<|/</< 


RECOMMENDED OPERATING CONDITIONS 


TA 
Vop 
Internal Oscillator Frequency 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta =— 40 °C to + 85°C, unless otherwise specified) 


Clock Input High Level External Clock 
Clock Input Low Level External Clock 


1. | Input Low Leva 
oMos 
Reset Input High Level 


V 
Output High Level Push Pull, load =— 0.8mA Vpp — 0.8 
VoL 


Output Low Level Push Pull or Open Drain, 
lload =— 1.6mA 
IwPU Weak Pull-up Current Bidirectional Weak Pull-up, 
Voi = OV 
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DC ELECTRICAL CHARACTERISTICS ( (continued) 


IAPU Active Pull-up Current, Vin < 0.8V - Zs — 420 
xe INTO and INT7 a 
— 1/O Pin peeves ieee —_ Leakage | input/Tri-State, OV < Vin <Voo | ri-State, OV < Vin < Vop Hp LA 
| iukrs | Reset Pin Reset Pin Input Leakage Leakage OV < Vin < VoD eT 


Sfscoe eee ft tab 
eer Tag oe Drain, OV < Vin < Vo -3 +3 

aro Active Pull-up | Active Pull-up Input Leakage | Leakage OV< fov<eVin<08V < 0.8V Ee ee pA 

Tues [oson in inuttestage _fovevnevoo (| 9 | | 1 |x” 

jaune «| «dt tem 

awizNowot || 

[| tw [HALT Mode Curent [zanttiz,Notet ||| t0 

| Ver [EPROM Programming Votage | 

ie [ePnow regannig coven | 


Note: 1. All I/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square 
wave external clock. No peripheral working. External interface not active (Internal Program Execution). 


Test Conditions 


! 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 


PUSH—PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = O 
WEAK PUSH—PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


a. Clock divided by 2 internally (MODER.DIV2=1) 
b. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vin =0.8V pp 


Vit =9.2V pp 


VA00116 
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EXTERNAL BUS TIMING TABLE (Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 
12MHz, unless otherwise specified) 


Symbol Parameter OSCIN Divided OSCIN Not Divided in. | tax. 


a ee ee 
before AS T 

| 2 |TRAS(A) | ThAS (A) —_| Address Hold Time after AS Address Hold Time after AS T | TwCL -13 

Sn ee es eee et 

[es Peotone rows Ta fw 

Ts [Tame 05) [aos FoaroBST 


| 8 frwose DS Low Pulse Width (read) |G ap sows) -20 a sad raf 


TwoSw [DS Low Pulse Width (write) [TpC (2Ps2W42)-13 [TpC Petes -13 came 


| [aesr om [PStieose isos 9) foc urs) grommnT [a[ 
[5 eo pss ee 

refs _Twnmenaetar fee fc 
Ca feos os) [65TH Gay ———Iye-18 worse | — 


TsR/W (AS) RW Set-up Time before AS T TpC (2P+1) -22 TwCH+PTpC —18 mia 
13 |TdDSR (RW) |DS T to R/W and Address Not |TpC -9 TwCL-5 33 
Valid Delay 
TdDW (DSW) |Write ie Valid to DS J Delay |Tpc (2P+1) -32 TwCH+PTpC -28 fa 
(write) 


15 5 |ThDS (DW) [Data Hold Time after DS eee eS -9 ee) -5 


eee 


16 |TdA (DR) Address aie to Data Valid ae (83P+W+2) — 


TdAs (DS)  |AS Tto DS J Delay Tec-18 ~18 WwoL—i4 14 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock le 
pleseae value and number of wait cycles inserted. 

e value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


d: 
= Clock Prescaling Value 
= Wait Cycles 
TpC = OSCIN Period 
TwCH = High Level OSCIN half period 
TwCL = Low Level OSCIN half period 
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EXTERNAL BUS TIMING 


CPUCLK 


(READ) 


A7—AO D7-DO OUT 
(WRITE) ‘ ) 


Ze i 
| 


(WRITE) 
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EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OScIN es OSCIN Not 
Divided By 2 


Lae TAS (WAIT) [AST to WAIT J Delay 2(P-+1 5 ~29 | (P+1)TpC -29 
| 2 |TdAS (WAIT) |AST to WAIT T Minimum Delay — |2(P+W+1)TpC-4_ |(P+W+1)TpC -4 {+e 
ez TdAS (WAIT) |AST to WAIT T Maximum Delay | 2(P+W+1)TpC -29 |(P+W+1)TpC -29 | | 83W+40 | ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
Laake value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of 
zero and zero wait status. 


EXTERNAL WAIT TIMING 


VA00115 
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ST90E26,90E27,90E28 - ST90E26,90E27,90E28 


BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta= —40°C to +85°C, Cload = 
50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN Not Divided 
By 2 


a TpC+8 TwCL+12 
1 freer (BACK) | BREG J to BUSAGK J = 


By 2 
TpC(6P+2W+7)+65 | TpC(3P+W+3)+TwCL+65 
| 2 |TdBR(BACK) |BREQTtoBUSACKT  |3TpC+60 TpC+TwCL+60 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
plescae value and number of wait cycles inserted. _ 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of 
zero and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREQ 


BUSACK 


MEMINT 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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ST90E26,90E27,90E28 - ST90E26,90E27,90E28 


HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


| Value (Note) | Value (Note) 
Symbol Parameter ae | oo eee | By reer 


TwRDY RDRDY, WRRDY Pulse Tevet) | 
Width in One Line Handshake ae -18 a = a 


| 2 |TwSTB RDSTB, WRSTB IRDSTB, WASTB Pulse Width Width IRDSTB, WRSTB Pulse Width |2TpC+12 | | |TpCHt12 
eee (RDY) RDSTB, or WRSTB T TpC+45 ie i 
to RDRDY or WRRDY J 
TsPD (RDY)* |Port Data to RDRDY T (2P+2W+1) TwCH+(W+P) 16 
Set-up Time TpC —25 TpC —25 
TsPD (RDY) |Port Data to WRRDY J Set-up 43 43 
Time in One Line Handshake 
ThPD (RDY) |Port Data to WRRDY J Hold 
Time in One Line Handshake 
Bcd a 
Set-up Time 


ee ai hel? Data to WRSTB oes 
oes 


pee i T to Port Data os Rut 
TdSTB (PD) Time in Bidirectional Hand- 35 
shake 
RDSTB T to Port High-Z Delay 
TdSTB (PH2) Time in Bidirectional Hand- 
shake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
2 rescale value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TwO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VA00113 
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ST90E26,90E27,90E28 - ST90E26,90E27,90E28 


EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK 
= 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN | OSCIN Not 
Divided By | Divided By 

2 Min. 2 Min. 


7 fet [low Level inmum Puse wiah isha Eape ode [etpovte[Tpoxie [95 |_| ve 
[2 [wi |Figh tvelNrimum Pulse Wath in FisngEage Mode [etpcri2_[tpovia@ [95 | [ne | 
fer [Hick Lov imum Pulse Within Fating Ege Mode _[eTpovt2[tpovia [95 | vw 
[4 fiir |low tovertinimum Puse Wah in Fang Eane Mode —_[etece2_[Teoxi2__ [es | [rs 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
rescale value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of 
zero and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Output Alternate Function set as Push-pull) 


Symbol Parameter 


es 


TwWDIL __|WDIN Low Pulse Width 


TwWDIH _ | WDIN High Pulse Width pons 


WATCHDOG TIMING 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output Al- 
ternate Function set as Push-pull) 


err baseraptine Sido Cd 
[2 |noi) [new datavodtine «di ae Tporo | Tid 
[sfreov —YsekieOuptdaevais TPC 
[4 |ino0_oupurbatavcetine Sits] 
[SoKtowPuse Wah «iad 

in ee Te 


SCK High Pulse Width 
Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGES MECHANICAL DATA 
Figure 51. 40-Pin Plastic Dual In Line (B) 


fs 


ow 
| E (15.20) 
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je3 | (48. 
ces 
Hire sl 

eee 

| 13. 


> 
no 
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— —s 
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oO 
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co 
les) 


oo 
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Figure 52. 48-Pin Plastic Dual In Line (B) 
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PACKAGE MECHANICAL DATA (Continued) 
Figure 53. 44-Lead Plastic Leaded Chip Carrier (C) 


| mm | inches 
bn. Pe [a a a 
| A |17.40|__|17.65]0.685| [0.694] 
|B 16.51] |16.65]0.650| [0.655] 
| C {356| [3.70 [0140] |0.145) 
1S le Se see lee) oe pee ee 
| 0 |4.20] 14.57 [0.165] [0.179] 
jdi [25a] [274 fori] [0.107] 
a 
E99 1sn0fo.seo __o.eza 
ee a 


ptt fo 


] 
—— 
— 
—— 
— 
ae 
— 
—— 
a 
a 
—— 
| 
—as 
a 
— 
—t 
I 
—ae 
= 
i 
( 


ms 
; 
| 


rer] [vert | __joosiy _] 


Figure 54. 40-Lead WindowCeramic Dual in Line 


A 53.40) 
| B [1450] —_[14.90[0.571] —_[ 0.587, 
,{¢ [3.90] [5.08 ]0.154[ —_[0.200] 
|p |340| | _{0.134 
| E [050] | 1.78 [0.020 


= ee 
| _|0.070| 
1.900] | 
| [0.110] 
| |0.022 
| _{0.060) 
| [0.012 
| _|0.098 
|) - | = 
| 40° | 
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PACKAGE MECHANICAL DATA (Continued) 


Figure 55. 48-Lead Window Ceramic Dual In Line 


| mm | inches 
tap fe i Top ex 


[Be 
De) 
ES 
eee 
| 3 | 


oo| ol/o|= 
| no r=) 
no| = oi po 
a 2: = 
P ‘ ro) 
Cw on 
rs o Oo 


>| 


EB 
; (ee) 
Oo 


Figure 56. 44-Lead Window Ceramic Leaded Chip Carrier 
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ORDERING INFORMATION 


‘ 23/23 
ky SGS;THOMSON —_" 
101 


Ays GS THOMSON - ST9OR26 


ROMLESS HCMOS MCU WITH RAM 
AND A/D CONVERTER 


ADVANCE DATA 


= Single chip microcontroller with 256 bytes of 
RAM and 256 bytes of Register File with 224 
general purpose registers available as RAM, ac- 
cumulators or index pointers. 


= Romless to allow maximum external memory 
flexibility in development and production phases. 


= 8/16 bit CORE with full feature DMA controller, a 
opus interrupt handler and a Standard Serial 
eripheral Interface (SPI) handling S-BUS, I?C- 
bus, IM-bus and Standard Serial Peripheral In- 
terfaces. PDIP48 


Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


= 16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 

A16 ot eee Timer Lest with th 8 bit 
prescaler an operating modes, allowing : : : : 
simple use for complex waveform generationand =‘ Figure 1. ST90R26 Pin Configuration 
measurement, PWM functions and many other 
system timing operations. 


Full function Serial Communications Interface 


(Ordering Information at the end of the datasheet) 


with 110 to 375000 baud rate generator, asyn- 2 eoeou? 
chronous and byte synchronous capability (fully OSCIN P50 
programmable format) and address/wake-up bit RESET P5y 
option. AB/P19 P52 

= On-chip DMA channels associated to the Multi- elie Pes 
function Timer and the Serial Communications he ape 
Interface. Al1/P13 P55 

= Up to four 8 bit I/O ports with programmable input eae is 
thresholds and output characteristics. Alternative A ae ae ane 
functions allow the full use of all pins. 6 aN? 

whites ae A14/Piz (1) 11 38 [0 P34/INTS/TOOUTA 

= Powerful software development tools, including A0/DO P32/INT6/TOINB 
ny ate linker, ee archiver, software A1/01/PO 4 P33/INT7/TOOUTB 
an ardware emulators. A2/0D2/P09 P34/RXCLK /WDOUT 

= Compatible with ST9026, 16k ROM devices (also A3/D3/P03 P35/CLKOUT/TXCLK/WDIN 
available in windowed and One Time Programm- A4/04/P0 4 P36/SIN 
able EPROM packages). AS/D5/P05, P37/SOUT 

= 48-lead Plastic Dual in Line package for A6/06/P0 5 P2 7/RDSTB5/BUSACK /INT3 
ST90R26. A7/07 P2¢/RDRDYS/BUSREQ 


P/D/NMI/P2 9 P25/WRRDYS 
WAIT/SDO/P2 , P24/WRSTB5/INT1 
SCK /INT2/P2 9 P23/SDI/INTO 

Vcc R/W 
AS DS 


VROB1370 


May 1991 1/18 


This is advance information from SGS-THOMSON. Details are subject to change without notice. 
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GENERAL DESCRIPTION 


The ST90R26 is a ROMLESS member of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectro- 
nics using a proprietary n-well HCMOS process. 


The ROMLESS part may be used for the prototyp- 
ing and pre-production phases of development, 
and offers the maximum in program flexibility in 
production systems. 


The ST90R26 is fully compatible with the ST9026 
ROM version and this datasheet will thus provide 
only information specific to the ROMLESS device. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST9026 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


The ROMLESS ST90R26 can be configured as a 
microcontroller able to manage up to 128K bytes 
of external memory, or as a parallel processing 
element in a system with other processors and 
peripheral controllers. 

A key point of the ST90R26 architecture is related 
to its modular approach which allows software 
commonality with all other members of the ST9 
family. 

The nucleus of the modular design of the ST90R26 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-BUS, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 


Figure 2. ST90R26 Block Diagram 


16-BIT 
TIMER 256 BYTES 
WITH DMA REGISTER FILE 
SCI 
WITH DMA 


2/18 


256 BYTES 


has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST90R26 
with up to 32 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to four 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing and status sig- 
nals, address lines, timer inputs and outputs, 
analog inputs, external interrupts and serial or par- 
allel I/O with or without handshake. 


Three memory spaces are available: Program 
Memory (external), Data Memory (internal and ex- 
ternal) and the Register File, which includes the 
control and status registers of the on-chip periphe- 
rals. 


The 16 bit MultiFunction Timer, with an 8 bit Pres- 
caler and 12 operating modes allow simple use for 
complex waveform generation and measurement, 
PWM functions and many other system timing 
functions by the usage of the two associated DMA 
channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


16-BIT oni 
TIMER /WOG 
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PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance state along with 
Port 0 and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edgé of 
DS. During aread cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST90R26 
accesses on-chip Data memory, DS is held high 
during the whole memory cycle. It can be placed in 
a high impedance state along with Port 0, Port 1, 
AS and R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for mem- 
ory transactions. R/W is low when writing to pro- 
gram or data memory, and high for all other 
transactions. It can be placed in a high impedance 
state along with Port 0, Port 1, AS and DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 


ST90R26 


contained in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


ADO-AD7, (P0.0-P0.7) Address/Data Lines 
(Input/Output, TTL or CMOS compatible). 8 lines 
providing a multiplexed address and data bus, 
under control of the AS and DS timing signals. 


P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P5.0-P5.7 //O 
Port Lines (Input/Output, TTL or CMOS com- 
patible). 32 lines grouped into I/O ports of 8 bits, bit 
programmable under program control as general 
purpose I/O or as Alternate functions (see next 
section). 


1/O Port Alternate Functions. 


Each pin of the I/O ports of the ST9O0R26 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Figure 1.2 shows the Functions allocated to each 
I/O Port pins. 
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ST90R26 


PIN DESCRIPTION (Continued) 
Table 1. ST90R26 I/O Port Alternate Function Summary 


0 PORT 


Function 
IN/OUT 


o_o Ek 2 
psc 
so 
p05 
ps5 
or 


Alternate Function 


A 
A 


8 
9 
Ai0 
Al 


>| > 
mk | ok 
w | po 


P1.6 A14 Address bit 14 
P1.7 A15 Address bit 15 


P2.0 
P2.0 P/D 
P2.1 SDI 
P2.1 


a aa 
ss 
a 
se 


P2.2 


Handshake Write Ready P5 
Handshake Read Ready P5 


P2.3 
P2.3 
P2.4 
P2.4 
P2.5 
P2.6 
P2.6 External Bus Request 


P2.7 


U 
—, 


External Interrupt 1 
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ST90R26 


PIN DESCRIPTION (Continued) 
Table 1. ST90R26 I/O Port Alternate Function Summary (Continued) 


1/0 PORT i 
| WOPORT Bree Alternate Function 
Port.bit 


P3.6 SIN 


P3.7 SOUT 


P5.0 


SCI Transmit Clock Input 
P3.5 WDIN 


| 
| 
| 
| 
P5.4 | 
I 


/0 
/0 
/0 
/0 
/0 
/O 
1/0 


/O Handshake Port 5 
I/O Handshake Port 5 


/O I/O Handshake Port 5 
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MEMORY 


The memory of the ST90R26 is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The two 
memory spaces are separated by function, one 
space for Program code, the other for Data. The 
- ST90R26 addresses all program memory in the 
external PROGRAM space. The 256 bytes of on- 


MEMORY (Continued) 


Figure 3. Memory Spaces 


INTERNAL 


EXTERNAL 


PROGRAM 
SPACE 
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REGISTER 


chip RAM memory is selected at memory ad- 
dresses 0 through OFFh in the DATA space. 


The External Memory spaces are addressed using 
the multiplexed address and data buses on Ports 
0 and 1. Additional Data Memory may be decoded 
externally by using the P/D Alternate Function out- 
put. The on-chip general purpose (GP) Registers 
may be used as RAM memory. 


256 
ooo |__| 


INTERNAL EXTERNAL 


VROA1 404 
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ST90R26 


ABSOLUTE MAXIMUM RATINGS 


Supply Voltage — 0.3 to 7.0 


Input Voltage Vss — 0.3 to Vpp +0.3 
Output Voltage Vss — 0.3 to Vpp +0.3 
Storage Temperature — 55 to + 150 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


in 
[vee | orsatne Savi ————SSCSCSC~*wdCi sw 
[es | eo Osstaorrewerey Sd 


DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5V + 10% Ta = — 40 °C to + 85°C, unless otherwise specified) 


Input Low Level 


Vin Input High Level VDD + 
. 0.3 
oe 


a 
SS 
vine _[Restinmniowies [iC cz 
Vis [Reetroatiseess | os | 

oupaiin we [Pa Pubs —8nA[Wo-08] |_| ¥ 


cumatowiers ——fpuagPuleggeendren [oe |v 
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DC ELECTRICAL CHARACTERISTICS (continued) 


Active Pull-up Current, 
for INTO and INT7 only Vin < 0.8V , 


Test Conditions 


aie.nows || On 


Run Mode Current 


Run Mode Current 
Prescale by 2 


WFI Mode Current 


Note: 
1. All /O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 
PUSH-—PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH~PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


VA00117 
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ST90R26 


AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vpp = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


Notes: 


TrC, TIC OSCIN Rise and Fall Time 


| ce 
OSCIN Glock Period 
ae 


1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vit =0.2V pp 


VA00116 
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ST90R26 


EXTERNAL BUS TIMING TABLE 
(Vpp = 5V + 10%, TA =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 


Value (Note) 
je | simtat | eater OSCIN Divided OSCIN Not Divided | 
By 2 By 2 
fas (SERRST=T™ carne wowme-e [| fm 
2 |THAS (A) [Address Hold Time after AST|TpC—17___—=«sTwOL—ta «| |e 
| 3 |TdAS (DR) [AS T to Data Available (read) [TpC (4P+2W4)-52 [TpC (2P+W+2)-51 | | 115 | ns | 


| 4 |TwAS [AS Low Pulse Width ——=[TpC (2P+1)-7__—s(TwCHsPTpC-3 | 35 | (| ns 
| 5 [TdAz (DS) [AddressFloattoDS! fo is 


| 6 [Twos DS Low Pulse Width (read) |TpC (4P+2W43)-20 | TWOH+TPC (2P+W+1) 105} | ns 
) 


| 7 |TwDSW {DS Low Pulse Width (write) |TpC (2P+2W+2)-13 |TpC (P+W+1)-13 | 70 | | 


TdDSR (DR) ae Data Valid Delay TpC (4P+2W-3) 50 [TWCH+TpC(2P+W+1) — i 75 


ThDR (DS) |Data to DS T Hold Time (read) 
TADS ( DS T to Address Active Delay |Tp wCL-3 
wCL—14 
-up Ti 


— 
io) 


A) C 
1 |[TdDS (AS) |DS T to AS J Delay pC -18 
2 |TsR/W (AS) |R/W Set-up Time before AST |TpC (2P+1) -22 TWCH+PTpC —18 
R 
) 


—7 
) 
(AS) ( ) 
DS T to R/W and Address 
TADSR (RW) It Valid Delay 7 oe TwOL—5 
TdDW Write Data Valid to DS J 
TDSOW: aaa T  lpc-9 TwCL -5 


Address Valid to Data Valid 


17 |TdAs (DS) JAS T to DS J Delay TpC -18 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


13 
14 
15 

6 


TwCH+TpC (8P+W+2) 


—| 
ao) 


oO) 
i 


TwCL —14 


Legend: TpC =OSCIN Period 
P  =Clock Prescaling Value TwCH = High Level OSCIN half period 
W_ = Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = -40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not 
By 2 Divided By 2 
) 


1 |TdAS (WAIT) |AS T to WAIT J Delay 2(P+1)TpC-29 |(P+1)TpC-29 | 
TAAS (WAIT) [AS T to WAIT T Minimum Delay |2(P+W+1)TpC -4 |(P+W+1)TpC-4 | 80 | 


TAS (WAIT) [AS T to WAIT T Maximum Delay [50 *™+1)TPC— /(p.wa1)Tpc-29 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


——— ae 
= anaes ce 


ef pat 


So 
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EXTERNAL WAIT TIMING 


CPUCLK 
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ST90R26 


BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OscIn Divided OSCIN Not Divided Es i 


TpC+8 TwCL+12 

p+ freer Peer exc) PREG WBUSRCR to BUSACKL [LP “ 50 | 
einer! eran )+65 | TpC(3P+W+3)+TwCL+65 Re 

fen a BREQ T to BUSACK T sTpC+60 TpC+TwCL+60 TpC+TwoL+60 | | 185 | ns | 


feces [Oe [= [e[= 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


BUSREQ 


BUSACK 


MEMINT 


VAQ0114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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ST90R26 


HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 5OpF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter a aaa OSCIN te ee 


RDRDY, WRRDY Pulse 2ToC 
1 |TwRDY  |Width in One Line (PW) ag (Paws) 
Handshake 
(TpC- 
3 |TAST (RDY) |DSTS. oF WN Ay \ _ TpC+45 -_ Twel 87 
+ 
Kel Data to RDRDY tT (2P+2W+1) | frags W+P 
4 frromonlsstitim dieses” | frees] fae] | 
Port Data to WRRDY J Set- 
5 |TsPD (RDY) jup Time in One Line 43 43 43 
Handshake 
Port Data to WRRDY J Hold 
ra or =a ar ee eee 
[penpsermee [ = T= Tal I 


RDSTB T to Port High-Z 
Delay Time in Bidirectional 
Handshake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


. INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =-40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


| Value (Note) | Value (Note) 
Symbol Parameter 


fetal rian Pie Wahine Wow | Focvie | wore [= | | we 
[2 [rw [ante rinun Puss Whine apenose_[eToOvr2 | wove [6 | | w= 
a [vr an tena Pus Wain Fang Epes | tyre | Trove |e |_| re 
[a [ivr [low ia e whinge ose _|eTer2 | Twoore [66 [ [w= 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


Parameter 


TwWDOL_ | WDOUT Low Pulse Width 


TwWDOH |} WDOUT High Pulse Width 
TwWDIL | WDIN Low Pulse Width 
- TWWDIH | WDIN High Pulse Width 


WATCHDOG TIMING 


VA00110 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = 40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 


Alternate Function set as Push-pull) 

a 
Pt for ritaseriptine oe 
ee a ae 
[8 freer |scw cue aiavans [0 |e 
[4 frioo fontaine [a 
[5 freee facetowrasewan [ae 
[8 fraser scciignruewah ae 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 57. 48 Lead Plastic DIP 
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ORDERING INFORMATION 


ST9OR26B6 24MHz -40°C to +85°C PDIP48 
ST9OR26B1 0°C to +70°C PDIP48 
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919030-ST9031 


8K ROM HCMOS MCUs WITH A/D CONVERTER 


= Single chip microcontroller, 8K bytes of ROM and 
256 bytes of register file with 224 general pur- 
pose registers available as RAM, accumulator or 
index pointers. 


8/16 bit CORE with full feature DMA controller 
and powerful interrupt handler and a standard 
Serial Peripheral Interface (SPI) handling 
S-BUS/I°C Bus and IM BUS. 


Up to 8 external interrupts edge selectable plus 
1 non-maskable interrupt. 


16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Timer/Watchdog for system 
integrity. 


Two 16 bit Multifunction Timer modules, each 
with an 8 bit Prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 11s conversion time 
and 8 bit + 1/2 LSB resolution with Analog Watch- 
dog on two channels. 


Full function Serial Communication Interface with 
110 to 375000 baud rate generator, asynchron- 
ous and byte synchronous capability (fully pro- 
grammable format) and address/wake-up bit 
option. 


# On-chip DMAchannels associated with the Multi- 
function Timers and the Serial Communication 
Interface. 


= Up to seven 8 bit I/O ports with programmable 
input thresholds and output characteristics. Alter- 
native functions allow the full use of all pins. 


Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


= Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 


u 68-lead Plastic Leaded Chip Carrier package for 
ST9030. 


= 48-pin Dual in Line Plastic package for ST9031 


May 1991 


PDIP48 PLCC68 


(Ordering Information at the end of the datasheet) 


Figure 1. ST9031 Pin Configuration 


OSCOUT 1 


P44 /AIN4 
AVs¢ 

AVpp 

P47/AIN7 
P46 /AING 
P45 /AIN5 
P43/AIN3 
P42 /AIN2 


TIINA/P34 
TOOUTB/P33 
TOINB /P32 
TOOUTA/P31 
P/D/TOINA/P30 


P17 Sre0st P27 /RRDYS 


P26 /INT3/RSTB5/P/D 
P24 /INT1 /WRSTB5 
P23/SDO 

P22 /INT2/SCK 
P21/SDI/P/D 
P20/NMI 


A0/D0/PO0 
Al /D1/P01 
A2/02/P02 
A3/D3/P03 
A4/04/P04 
A5/05/P05 
A6/D6/PO6 P70/SIN 
A7/07/P07 P71 /SOUT 
VopD P72/INT4 /TXCLK /CLKOUT 
AS N P73/INTS/RXCLK /ADTRG 
- af 
VA00484 


1/66 


121 


ST9030 - ST9031 


Figure 2. ST9030 Pin Configuration 


© 1 P36/TIINB 
« 1 P37/TIOUTB 
D P44/AIN4 


TIOUTA/P35 AVSS 
TIINA/P34 AVop 
TOOUTB/P33 P47 /AIN7 
TOINB/P32 P46 /AING 
TOOUTA/P31 P45/AIN5 
P/0/TOINA/P30 P43/AIN3 
A15/P17 P42/AIN2 
A14/P16 P41/AIN1 
A13/P15 STS030 P40/AINO 
A12/P14 P27/RRDY5 
A11/P13 P26 /INT3/RSTB5/P/D 
A10/P12 P25/WRRDYS5 
AQ/P11 P24 /INT1 /WRSTB5 
A8/P10 P23/SDO 
A0/00/P00 P22 /INT2/SCK 
A1/01/P01 P21/SDI/P/D 
A2/02/P02 ; P20/NMI 


~ 
a 
N 
(2) 
w 
an 
ta 
a» 
o 


/P77 CG 
/P76 C 


WAIT/P75 
SOUT/P71 E 
SIN/P70 


P/O/INT6/P74 C 


ADTRG/RXCLK/INTS/P73 
CLKOUT/TXCLK/INT4/P72 C 


A3/03/P03 
A4/04/P04 C 
A5/05/P05 
A6/06/P06 C 
A7/07/P07 


BUSACK 
BUSREQ 


WDOUT/| 


WDIN /| 


VA00483 


Figure 3. ST903X Block Diagram 


A/O ee Sc 256 BYTES 8K BYTES 16—BIT 
CONVERTER WITH DMA WITH DMA REGISTER FILE ROM TIMER/WOG 


REGISTER BUS 


1/0 
PORT 5 
WITH 
HANOSHAKE 


VA00488 


Note : Refer to Table 1 for ST903X I/O Port Summary 
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GENERAL DESCRIPTION 


The ST9030 and ST9031 devices (following men- 
tioned as ST903X) are ROM members of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectronics 
using a proprietary n-well HCMOS process. 


The ROM parts are fully compatible with their 
EPROM versions, which may be used for the proto- 
typing and pre-production phases of development, 
and can be configured as standalone microcontrol- 
lers with 8K bytes of on-chip ROM, microcontrollers 
able to manage up to 120K bytes of external mem- 
ory, or as parallel processing elements in a system 
with other processors and peripheral controllers. 


Akey point of the ST903X architecture is its modu- 
lar approach which allows software commonality 
with all other members of the ST9 family. 


The nucleus of the modular design of the ST903X 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-BUS, I?C Bus and 
IM BUS Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. The powerful I/O capabilities de- 
manded by microcontroller applications are fulfilled 
by the ST903X with up to 56 I/O lines dedicated to 
digital Input/Output. These lines are grouped into 
up to seven 8 bit I/O Ports and can be configured 
on a bit basis under software control to provide 
timing, status signals, an address/data bus for 
interfacing external memory, timer inputs and out- 
puts, analog inputs, external interrupts and serial 
or parallel I/O with or without handshake. 

Three memory spaces are available: Program Mem- 
ory (internal and external), Data Memory (external) 
and the Register File, which includes the control and 
status registers of the on-chip peripherals. 


Two 16 bit MultiFunction Timers, each with an 8 bit 
Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. In addition there is 
an 8 channel Analog to Digital Converter with 
integral sample and hold, fast 11us conversion 
time and 8 bit + 1/2 LSB resolution. An Analog 
Watchdog feature is included for two input chan- 
nels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


919030 - ST9031 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once atthe beginning 
of each memory cycle. _ 

The rising edge of AS indicates that address, 
Read/Write (R/W), and Data Memory signals are 
valid for program_or data memory transfers. Under 
program control, AS can be placed in a high-imped- 
ance state along with Port 0 and Port 1, Data Strobe 
(DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST903X ac- 
cesses on-chip memory, DS is held high during the 
whole memory cycle. It Can be placed in_a_high 
nrpeGance state along with Port 0, Port 1, AS and 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. It can be placed in_a_high 
impedance state along with Port 0, Port 1, AS and 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
ewan in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Converter. 
AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V + 10%). 
Vss. Digital Circuit Ground. 


P0O-P07, P10-P17, P20-P27, P30-P37,P40-P47, 
P50-P57, P70-P77. I/O Port Lines (Input/Output, 
TTL or CMOS compatible). 8 lines grouped into I/O 
ports of 8 bits, bit programmable under program 
control as general purpose I/O or as Alternate 
Functions (see next section). 


I/O Port Alternate Functions. Each pin of the I/O 
ports of the ST903X may assume Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Due to Bonding options for the packages, some 
functions may not be present, Table 1 shows the 
Functions allocated to the I/O port pins and a 
summary of packages for which they are available. 
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PIN DESCRIPTION (Continued) 


Table 1. ST903X I/O Port Alternate Function Summary 


Pin Assignment 
Alternate Function 
Ao/DO 1/0 Address/Data bit 0 mux 


/0 
/0 
/O 
1/0 
/0 
/0 


A7/D7 1/0 Address/Data bit 7 mux 
| 0 | Address bit 8 = ao 
Po | Adesso SSS~wCiaSSTS 
PO | AddressottoSSSC~<“~*~*~*~*—‘“‘—*~*~sSCiSCSdSSC SC 
pam | | Addressbitty 
rare | Oo *'| Addessbtve@SSCSC~*~SC*i 
res [ae | 0 | Adress SSSC~SCi 
Sa 
pais | 
aa aa 
Leese ced 
Eases 
ouetlaed 


’ 


v 
(an) 

iS 

> 
fh 
~~ 
oO 
rx 
> 
roe 
fo 
o 

n 

Q 
O 
2 
fed) 

o 
Comal 
AAS 
3 

Cc 

x< 

no 

: 

—_k 
[ee] 


7 
r 
r 
z 
r 
i 
Se 
[0 sriseralcoce ——SSOSCS~S~i 
[0 shiseratbatainSSSC~*d 
[1 [externa crap) SiC 

Ewa 

el 

Poet 

foo! 
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PIN DESCRIPTION (Continued) 


Table 1. ST903X I/O Port Alternate Function Summary (Continued) 


1/0 PORT 
Port. bit 
P3.5 
P3.6 
P3.7 
P4.0 
P4.1 
P4.2 
P4.3 
P4.4 
P4.5 
P4.6 
P4.7 
P5.0 
P5.1 
P5.2 
P5.3 
P5.4 
P5.5 
P5.6 
P5.7 
P7.0 
P7.1 
P7.1 
P7.2 
P7.2 
P7.2 
P7.3 
P7.3 
P7.3 
P7.4 
P7.4 
PLS 
P7.6 
P7.6 
P7.7 
P7.7 


. Pin Assignment 
Alternate Function 


MF Timer 1 Output A 
i 


T1OUTA 
T1INB 
T1OUTB 
AINO 
AIN1 
AIN2 
AIN3 
AIN4 
AIN5 
AIN6 
AIN7 


ND Analog npat? 


& | @ | 
| OIN 


A/D Analog Input 5 
A/D Analog Input 6 


A/D Analog Input 7 


39 


-& |] 
oO 


I/O Handshake Port 5 


I/O Handshake Port 5 


cS 
o> 


/O 
/O 
0 
/0 
ie) 
1/0 
0 
0 


p= 
oO 


SIN 
SOUT 


NM |h 
co }o 


NM 
(oe) 


INT4 
TXCLK 
CLKOUT 
INT5 
RXCLK 
ADTRG 
INT6 
P/D 
WAIT 
WDOUT 
BUSREQ 
WDIN 
BUSACK 


mM 1h 
NEN 


27 
26 


ie) 
oO) 


5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 


10 
2 
3 

54 
5 

61 
6 
7 
8 

3 

1 
5 
4 
3 
2 
3 
2 
2 
1 
1 
1 
) 
0 
0 
9 
9 
8 

37 
if 

36 

36 
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ST903X CORE 


The Core or Central Processing Unit of the ST903X 
includes the 8 bit Arithmetic Logic Unit and the 16 
bit Program Counter, System and User Stack Poin- 
ters. The microcoded Instruction Set is highly opti- 
mised for both byte (8 bit) and word (16 bit) data, 
BCD and Boolean data types, with 14 addressing 
modes. Two 8 bit I/O Ports are connected to the 
Core module for external memory interfacing, while 
a 16 bit Timer/Watchdog gives system security and 
timing functions, and a Serial Peripheral Interface 
allows for synchronous communication. Three in- 
dependent buses are controlled by the Core, a 16 
bit Memory bus, an 8 bit Register addressing bus 
and a 6 bit Interrupt/DMA bus connected to the 
interrupt and DMA controllers in the on-chip periph- 
erals and the Core. This multiple bus architecture 
allows a high degree of pipelining and parallel 
operation within the ST903X, giving it its efficiency 
in both numerical calculations and communication 
with the on-chip peripherals. 


MEMORY 


The memory of the ST903X is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 


Figure 4. Memory Spaces 


64K 
PROGRAM 
MEMORY 


REGISTER 
FILE 
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each having a maximum of 65,536 bytes. The two 
memory spaces are separated by function, one 
space for Program code, the other for Data. The 
ST903X 8K bytes of on-chip ROM memory is se- 
lected at memory addresses 0 through 1FFFh 
(hexadecimal) in the PROGRAM space. 


' External memory, addressed using the multiplexed 


address and data buses (Port 0 and Port 1) may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function, allowing a 
full 128K byte memory. The memory spaces are 
selected by the execution of the SDM and SPM 
instructions (Set Data Memory and Set Program 
Memory, respectively). There is no need to use 
either of these instructions again until the memory 
area required is to be changed. This requirement 
is not necessary in two cases: first, when operating 
with external stacks (the Data Memory is automat- 
ically selected) and, secondly, when using the 
memory indirect to memory indirect post-increment 
addressing mode (the memory types are specified 
in the instructions: LDPP, LDPD. LDDP, LDDD). 


Either the Data Memory or the Program Memory 
can be addressed using any of the memory ad- 
dressing modes. 
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MEMORY (Continued) 


Program Space 


‘The Program Memory space of the ST903X, from 
the 8K bytes of on-chip ROM memory to the full 
64K bytes with off-chip memory expansion is fully 
available to the user. At addresses greater than the 
first 8K of program space, the ST903X executes 
external memory cycles for instruction fetches. The 
first 256 memory locations from address 0 to OFFh 
(hexadecimal) hold the Reset Vector, the Top-Level 
(Pseudo Non-Maskable) interrupt, the Divide by 
Zero Trap vector and, optionally, the interrupt vec- 
tor table for use with the on-chip peripherals and 
the external interrupt sources. Each vector is con- 
tained in two consecutive byte locations, the high 
order address held in the lower (even) byte, the low 
order address held in the upper (odd) byte, forming 
the address which is loaded into the Program 
Counter when selected by the interrupt vector pro- 
vided by the interrupt source. This should point to 
the relevant Interrupt Service routine provided by 
the user for immediate response to the interrupt. 


Data Space 


The ST903X may address the full 65,536 locations 
of External Data through the External Memory 
Interface when decoded with the P/D pin. The 
on-chip Registers may be used as RAM memory 
for minimum chip count systems. 


Figure 5. Program Memory Space 
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The Data Space is selected by the execution of the 
SDM instruction. All subsequent memory references 
will access the Data Space. When a separate Data 
Space is not required, data may be stored in exter- 
nal RAM or ROM memory within the Program 
Space. 


ROMless Option 


In the event of a program revision being required 
after the development of a ROM-based ST903X, a 
mask option is available which enables the recon- 
figuration of the memory spaces to give a fully 
ROMless device. This means that the on-chip pro- 
gram ROM is disabled and ALL memory is seen as 
external, allowing the use of replacement program 
code in external ROM memory. 


To give the ROMless function (when enabled by the 
MASK option), either pin marked ROMless as an 
Alternate Function should be held to ground (Vss) 
with a high resistance (eg 100K ohm) during the 
RESET cycle. The pin status is latched on the rising 
edge of the RESET input. After this time, the pin is 
free for-normal operation. If the ROMless option is 
enabled, and the on-chip program is to be used, 
the pin enabled for the ROMless function must to 
held to a high potential during the RESET cycle (eg 
with a 100K ohm resistor to Vpp. 


Figure 6. ROMless Selection 
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REGISTERS 


The ST903X Register File consists of 240 registers 
(224 general purpose) plus pages of 16 registers 
supporting the configuration and control registers 
for the on-chip peripherals. The 224 general pur- 
pose registers all have 8 and 16 bit arithmetic 
capability and may be used as accumulators, on- 
chip RAM, internal Stack areas (for system and/or 
user stacks), or, with the appropriate addressing 
modes, as index, offset or stack pointers. 


The register file is arranged into 16 groups of 16 
registers, where the general purpose registers oc- 
cupy the first 14 groups. The 15th group, E, con- 
tains the system registers and Group F contains the 
pages of the on-chip peripheral control registers. 


Figure 7. Register Grouping 
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Group F is paged in this manner due to the modu- 
larity of the ST9 family of microcontrollers. Each 
member of the family retains all general purpose 
and system registers, only the paged register’ 
groups changing owing to the different on-chip 
peripheral organizations of each device. The user 
can therefore generate code libraries which use the 
general purpose registers knowing that they will not 
be lost on future ST9 devices. To address a paged 
register, the Page Pointer (PPR, R234) within the 
system register group must be loaded with the 
relevant page number using the SPP instruction. 
Subsequently any access to registers in the top 
group (R240-R255) will refer to the selected page. 
This remains set until the next change to the Page 
Pointer register (by the SPP instruction). 


Figure 8. Page Pointer Mechanism 
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REGISTERS (Continued) 
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Figure 9. ST9030 Group F Peripheral Organisation 
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REGISTERS (Continued) 


The System group (Group E, registers REO to REF) 
includes the system and user stack pointers, the 
Mode register, the ALU FLAGS register and the Page 
pointer register. In addition the data registers for the 
first 6 I/O ports are present, the configuration regis- 
ters for the ports being in the paged area. This allows 
the immediate access to these I/O ports at all times. 


| Table 2. Group E Register Map 


Register Pointer 1 (RP1R) 
Register Pointer 0 (RPOR) 


The Register Pointers, present in the system reg- 
ister group, select groups of registers as "Working 
Registers", which have faster addressing modes 
than direct Register addressing and allows smaller 
code size. The Register Pointers may either be 
used singly, creating a register group of 16 working 
registers, or as two independent groups of 8 work- 
ing registers which may be placed at any 8 register 
boundary within the register file. The single and twin 
working register modes are automatically set by 
hardware when the respective SRP and either SRP 0 
Or SRP 1 instructions are executed. If working reg- 
isters are used as accumulators and RAM locations 
for particular tasks, fast context switching on inter- 
rupts may be achieved by setting the register 
pointer to another group for the Interrupt Service 
Routine, ISR, (e.g. saving the Register pointer on 
the stack), using the new group in the ISR and 
subsequently restoring the original group before 
the Return from Interrupt instruction.Working reg- 
isters also allow the use of the ABAR - Any Bit-Any 
Register Boolean operations (including directly on 
the I/O port data registers). 


Figure 10. Single Working Register Bank 
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Figure 11. Dual Working Register Banks 
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REGISTERS (Continued) 


In the ST9 syntax, directly addressed Registers are 
indicated with a capital R e.g. RO, R224, RBF, with 
Register Pairs (16 bit accumulators or memory poin- 
ters) as RRO, RR24. When using Working Registers, 
groups of 16 registers (SRP instruction) are denoted 
as r0 to r15 (rrO to rr14), while the dual working 
register group are addressed as r0 to r7 (rrO to rr6), 
for the first group of 8 registers (SRPO), with r8 tor15 
(rr8 to rr15) for the second set (SRP1). Working 
register addressing requires a 4 bit field within the 
instruction. When packed into a byte, the upper 
nibble is setto Dh (1101b), this being the escape code 
to indicate the use of the working registers. As a 
result, group D cannot be selected with direct register 
addressing, it is recommended that this group be 
used as internal stacking area when using register 
file based system or user stack pointers. 


STACK POINTERS 


There are two separate, double register stack poin- 
ters available (System and User), both of which can 
operate in register or Data memory address 
spaces. These operate in a Pre-Decrement mode 
when data is PUSHed onto the Stack and ina 
a emen mode when data is PoPed from the 
stack. 

The system Stack Pointer (SSPR, R238:R239) is 


Figure 12. Internal Stack Pointers 
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used for the storage of temporarily suspended 
system and/or control registers (ie the Program 
Counter and FLAG register) while interrupts are 
being serviced, and is used for the storage of the 
Program Counter following the CALLing of a sub- 
routine. The user Stack Pointer (USPR, 
R236:R237) is completely free from all interference 
from automatic operations and so provides for a 
totally user controlled stack area. 


Both Stack pointers may operate with both byte 
(PUSH,POP) and word (PUSHW, POPW) data, and are 
differentiated by appending a "U" to the instruction 
mnemonic for the User Stack (PUSHU/PUSHUW, 
POPU/POPUW). 


When the Stack Pointers are using RAM Memory 
as the stack areas, a full word register is used as 
the pointer, while when operating with the stack 
area within the Register File (Groups 0 to 14 only, 
but not the within the system and paged groups) 
only an 8 bit register is required for addressing and 
consequently only the low byte of the word regis- 
ters are used (R239 for the System Stack and R237 
for the User Stack). In this latter case the upper byte 
of the stack pointer registers (R238 and R236) 
must be considered as reserved. The Stack Poin- 
ters may be selected to point to RAM or Register 
file by the setting of the SSP (MODER.7) and USP 
(MODER.6) of the ST903X configuration register 
(MODER, R235) where a "1" denotes Register file 
operation (Default at Reset) and "0" causes exter- 
nal Data space operation. 


Figure 13. External Stack Pointers 
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INTERRUPTS 


The ST903X offers a powerful solution to the re- 
sponse requirements of real-time systems with its 
advanced interrupt structure. Interrupt trigger sour- 
ces can be prioritized within 8 levels to match the 
priorities assigned to the application. In addition a 
top-level or non-maskable interrupt is available. 
The ST903X interrupts follow the logical flow of 
Figure 14. 


Interrupt events (selectable with each function) 
cause the setting of the Interrupt Pending (IP) bit 
within the status register of the peripheral. This bit 
may also be set by software in order to generate a 
software interrupt, and should normally be reset by 
software within the interrupt service routine. If the 
interrupt is not Masked with the corresponding 
Interrupt Mask bit, the interrupt is passed to the 
central interrupt control logic where the priority level 
assigned by the programmer to the interrupt source 
is compared with the priority level of the core (user 
programmed dynamically in the 3 bits of the Central 
Priority register (CPL, CICR.0O-2, level 7 is the lo- 
west priority and level 0 the highest). If the incoming 
priority level is higher than the CPL, and Global 
Interrupts are enabled (by the ET instruction, inter- 
rupts are disabled by the execution of the DI in- 
struction), the interrupt is acknowledged. lf 
interrupts are globally disabled, the priority level of 


Figure 14. Interrupt Logic 
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the source is lower than or equal to the CPL or the 
Interrupt is masked, then the IP bit remains set and 
the interrupt is held ee until the EI instruction 
is executed, the CPL is set to a lower level and the 
interrupt is un-masked. Alternatively the IP bit of a 
masked interrupt Source may be used in a polled 
interrupt environment, with the IP bit being reset by 
software within the service routine. 


The interrupt acknowledge cycle causes the Pro- 
gram Counter and FLAGS register to be pushed 
onto the System Stack (PC low byte first, PC high 
byte, then FLAGS Register) and all maskable inter- 
rupts to be disabled by resetting the IEN bit. The 
peripheral Interrupt Vector, IVR, a user programm- 
able feature of the peripheral interrupt contro! reg- 
isters, is used as an offset into the vector table, 
pointing to the high byte (even address) of the 16 
bit address which should contain the starting ad- 
dress of the interrupt service routine. Addresses 0 
through 255 of the program space comprise the 
interrupt vector table. Where multiple interrupt 
sources may occur within a peripheral, the periph- 
eral interrupt vector source may be encoded by 
hardware set bits within the IVR register. This 
means that the vector address defined in the pe- 
ripheral IVR is the base address for a block of 
vectors servicing that peripheral. The address 
pointed to by the vector is loaded into the Program 
Counter and execution restarts from this point. 


INTERRUPT 
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INTERRUPTS (Continued) 


Figure 15. Interrupt Vector Table Usage 
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The interrupt service routine should clear the inter- 
rupt pending flag of the interrupt source and take 
the appropriate action. The last instruction of the 
interrupt Service routine should be the IRET in- 
struction, the action of this is to restore the Program 
Counter and Flags register to their value prior to 
the interrupt acknowledgment, and to re-enable 
interrupts. Within the interrupt service routine, use 
may be made of the working register pointer mech- 
anism to reduce the context switching time. 


Two interrupt arbitration modes are available for 
use with the 8 level priority scheme, Nested and 
Concurrent modes. These are selected by the 
status of the IAM bit (CICR.3). 


Concurrent mode, selected when IAM = "0" (the 
reset condition) is the standard interrupt arbitration 
mode, where the arbitration phase of every instruc- 
tion acknowledges interrupts according to their 
priority level (if higher than the CPL) and follows 
the sequence shown. All pending interrupts exist- 
ing or having eventually occurred during interrupt 
service routine execution, remain pending until the 
Enable Interrupt instruction (EI) (even if it is ex- 
ecuted during the interrupt service routine). EI 
within the interrupt service routine is not recom- 


ky 
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mended for use with the Concurrent arbitration 
mode as this can trigger a Last In, First Out condi- 
tion where high priority interrupts are masked by 
lower priority interrupts which are all higher than the 
CPL value. 


Nested Mode, selected when IAM = "1", uses the 
same arbitration phase as concurrent mode, the 
difference being that the CPLis modified during the 
interrupt processing cycle to that of the acknow- 
ledged interrupt level. The CPL value is pushed by 
hardware into the Nested Interrupt Control register 
(NICR, R247 page 0) by setting the NICR bit corre- 
sponding to the CPL value. The interrupt service 
routine is entered in the normal manner. The re- 
vised CPL level is used for arbitration of further 
interrupts, each higher level being saved on the 
NICR stack, and being restored automatically by 
hardware with the RETI instruction. This allows the 
execution of the EI instruction within the interrupt 
service routine to operate the correct nesting of 
interrupts. The two modes are shown graphically in 
figure 16, where the Y axis shows the CPL value. 
It should be noted that within the concurrent mode 
INT1 will not be acknowledged until the CPL level 
is programmed to a lower level. 
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INTERRUPTS (Continued) 


Figure 16. Interrupt Modes Example of Usage 
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Interrupts coming from on-chip sources at the External Interrupts. Up to 8 external interrupts are 
same instant and priority level are resolved during available on the ST903X as alternate function in- 
the arbitration phase according to a hardware puts of I/O pins. 


oo This follows the priorities of the = Thege may be selected to be triggered on rising or 
table 3. falling edges and can be independently masked. 


Table 3. ST903X Interrupt Hardware Daisy Chain Pe SIGH extol maluinte rep sources vale grouped 
Table 4. External Interrupt Channel Grouping 
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INTERRUPTS (Continued) 


into four pairs or channels which can be assigned 
to.independent interrupt priority levels. Within each 
channel the even interrupt number takes the even 
priority level and the odd channel the odd priority 
level (even+1). 


Several of the External Interrupt channels have 
their inputs selectable between the external inter- 
rupt source and on-chip peripheral sources. 


Table 5. ST903X External Interrupt Source 
Selection 
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Figure 17. Top-Level Interrupt Structure 
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Top Level Interrupt. The Top Level Interrupt chan- 
nel can be assigned either to the external NMI pin 
or to the Timer/Watchdog output. When selected 
as the external NMI pin, the active edge may be 
programmed to be rising or falling. The TL! event 
will cause the setting of the TLIP bit (CICR.6) and 
according to the mask situation, a Top Level Inter- 
rupt request may be generated. Two masking con- 
ditions are available, a Maskable Mask and a 
Not-Maskable Mask. 


The Maskable Top Level Interrupt may be enabled 
or disabled by software and follows the state of the 
Global Interrupt Enable bit IEN (CICR.4), while the 
Not-Maskable Mask bit (TLNM) is a set-only mask. 
Once set, the Top Level Interrupt is active inde- 
pendenily of IEN and cannot be disabled until the 
next Reset cycle. 
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DMA 


The ST903X has on-chip DMA channels to provide 
high-speed data transaction between peripherals 
and Memory or Register File. Multi-channel DMA 
is fully supported because each peripheral can 
have its own DMA channel(s). Each DMA channel 
transfers data to/from contiguous locations of the 
Register File, Program Memory or Data Memory. 
The maximum number of transactions that each 
DMAchannel can perform is 222 if the Register File 
is selected and 65536 if Program or Data Memory 
are selected. 

DMA transfer to (or from) the Register File takes 8 
INTCLK cycles ; DMA transfer to (or from) Memory 
takes 16 INTCLK cycles. If the ST903xX is in the idle 
mode (following the execution of the WFI instruc- 
tion), DMA requests are acknowledged according 
to their priority and control is returned to the idle 
mode pending an interrupt, this operation in- 
creases the number of INTCLK cycles by 2 for both 
Register File and Memory DMA transactions. 


Each DMA channel has its own control registers 
located in the page(s) related to the peripheral. 


/ 


Figure 18. DMA Between Registers and Peripheral 
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There are two pointer registers, DAPR which points 
to a register or register pair containing the current 
DMA address to/from which data will be trans- 
ferred, and DCPR, which points to a register or 
register pair which contain the transaction counter 
for the DMA operations. 


Each DMA transfer consists of three operations: 


- Aload from/to the peripheral data register to/from 
alocation of Register File (or Memory) addressed 
through the DMA Address Register (or Register 
Pair) 


- A post-increment of the DMA Address Register 
(or Register Pair) 


- A post-decrement of the DMA transaction 
counter, which contains the number of transac- 
tions that have still to be performed. 


When the transaction counter reaches 0 (all data 
has been transferred) an End of Block Interrupt 
event is generated to allow the processing of the 
DMA data block, or, by reloading the Address and 
ala registers and retriggering, arepeated DMA 
cycle. 
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DMA (Continued) 


A SWAP mode, allowing continuous DMA oper- 
ation, is available for the Multifunction Timer and is 
described in the section relating to the Multifunction 
Timer. 


The ST903X has DMA channels associated with 
the Serial Communications Interface Input and 
Output Serial data channels, the 16 bit Load/Cap- 


Figure 19. DMA Between Memory and Peripheral 
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ture Register 0, CAPTOR, of each Multifunction 
Timer allowing the timing of external signals to be 
captured into a table for off-line analysis or for the 
automatic output of PWM signals of variable width 
and timing, and the 16 bit Comparison Register 0, 
COMPOR, of each Multifunction Timer which can 
be programmed to cause output or input of parallel 
data through the handshake Port 5 under DMA. 
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CLOCK GENERATION, WAIT, HALT AND RESET 
Clock Generation 


The ST903X Clock Generator module generates 
the internal clock for the ST9 core and the on-chip 
peripherals, it may be driven by an external quartz 
crystal circuit, connected to the OSCIN and OS- 


Figure 20. Crystal Oscillator 
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Figure 22. Internal Clock Circuit 


COUT pins, or by an external pulse generator con- 
nected to OSCIN (Figure 20, Figure 21). The con- 
ceptual schematic of the ST9 internal clock circuit 
is shown in Figure 22. 


Figure 21. External Oscillator 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


The maximum external frequency of the ST9 is 24 
MHz, while the maximum internal operating fre- 
quency is 12 MHz, thus a programmable divide by 
two circuit is present, this allows the use of high 
frequency crystals for economy, or low frequency 
crystals for reduction in radiated noise. This divider 
is active upon exit from the reset condition, the user 
may bypass the divide by two circuit by setting the 
DIV2 bit of the MODER Register. 


The resulting clock from this section is named 
INTCLK, the internal clock which drives the time- 
bases of the on-chip clock for the ST903X periph- 
erals (eg the Multifunction Timer, Timer/Watchdog, 


Figure 23. CPUCLK Prescaler 
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Serial Communications Interface) and also the input 
of the CPU prescaler section. The CPU of the ST9 
includes the instruction execution logic and may run 
at different rates according to the setting of the 
PRS2,PRS1 and PRSO bits of the MODER Register 
(figure 23). The resulting clock is named CPUCLK 
and it should be noted that this does not maintain a 
50% duty cycle, but stretches the high level of the 
clock until completion. 


The CPUCLK prescaler allows the user to slow 
down the program execution time (eg for lower 
power consumption), while time-critical sections of 
the program may tune the CPUCLK execution 
Te to high speed and then restore it to its original 
speed. 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


Wait States 


The output from the prescaler can also be affected 
by wait states. Wait states from two sources allow 
the user to tailor timing for slow external memories 
or peripherals. 


The internal Wait State generator will insert from 0 
to 7 wait states, independently programmable for 
both Program and Data Spaces, via the Wait Con- 
trol Register WCR. The second source of wait 
states is the external Wait input pin when enabled 
as the Alternate Function. Figure 24 shows the 
External Memory Interface timing as it relates to 
CPUCLK prescaling of 2 and 5 added wait states. 
The added wait states are derived from the INTCLK 
clock cycle, not CPUCLK. Internal memory is al- 
ways accessed with no Wait states. 


Halt and Wait for Interrupt (WFI) States 


The schematic of the on-chip oscillator circuit is 
shown in Figure 25. The HALT condition, caused 
by the execution of the HALT instruction, disables 
the oscillator, forcing OSCOUT high. This places 
the ST903X into the lowest power mode. The exit 
of the HALT condition and the restarting of the 
oscillator requires a RESET pulse with a minimum 
duration of 10ms (figure 26). It must be noted that 


if the TIMER/WATCHDOG has the WATCHDOG 
mode enabled, a HALT instruction will not disable 
the oscillator; this is to avoid stopping the Watchdog 
if, by an error, a HALT instruction is executed. When 
this occurs, the ST903X runs in an endless loop 
a only by the Watchdog reset (or hardware 
reset). 


Figure 25. Oscillator Schematic 
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Figure 24. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


The WEI (Wait for Interrupt) instruction suspends 
program execution until an interrupt request is 
acknowledged. During this period, DMA transac- 
tions are allowed if their priority is higher than or 
equal to the CPL level ; the ST903X returns to WFI 
mode after completion of the DMA transfer. 


The CPUCLK is halted during Wait For Interrupt 
while INTCLK continues to run, thus the power 
consumption of the processor is lowered by the 
CORE power consumption value. The External 
Memory Interface lines status during HALT and 
WFI modes is shown in Table 6. 


Table 6. External Memory Interface Line Status 
During WFI and Halt 


Paes 
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Reset 


The processor Reset overrides all other conditions 
and forces the ST903X to the reset state. During 
Reset, the internal registers are set to their Reset 
values, as shown in Table 7 for the System and 
Page 0 Registers. The I/O Ports pins are set to the 
Bidirectional Weak Pull-up mode. The programmer 
must then initialize the ST903X registers to give the 
required functions. 


The Reset condition can be generated from the 
RESET pin or by the on-chip TIMER/WATCHDOG 
operating in Watchdog mode. To_quarantee the 
complete reset of the ST903X, the RESET input pin 
must be held low for at minimum of 53 crystal 
periods in addition to the crystal start-up period. 
The Watchdog Reset will occur if the Watchdog 
mode is enabled (WCR.WDEN is reset) and if the 
programmed period has elapsed without the code 
OAAh,55h written to the appropriate register. The 
input pin RESET is not driven low by the on-chip 
reset generated by the TIMER/WATCHDOG. 


Figure 26. Reset Timing Requirements from Halt State 
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 


Table 7. System and Page 0 Reset Values 


Register 
Number 


System Register 


Lo (Reg Ptr 1) = undefined 
ae (Reg Ptr 0) = undefined 
(FLAGR) = undefined 
(CICR) = 87h 

(PORT5) = FFh 
(PORT4) = FFh 
(PORTS) = FFh 
(PORT2) = FFh 
(PORT1) = FFh 


ae 
ae 


(PORT 0) = FFh 


During the Reset state, DS is held low and AS is 
toggled with the frequency of the crystal (OSCIN) 
divided by 32. This condition may be recognized by 
external peripherals as a Reset condition. It may 
also be used to enable the synchronization of 
multiple ST903X running from the same clock ina 


es 
a 
(Page Ptr) = undefined 


Reset Value 
( 


(NICR) = 00h 


multi-processing or high security majority voting 
system. 

Once the RESET pin reaches a logical high, the 
ST903X fetches the starting address from locations 
0 and 1 of the program space and begins program 
execution from this address after 67 crystal cycles. 
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INTERFACING TO EXTERNAL MEMORY 


External Memory and/or peripherals may be con- 
nected to the ST903X through its External memory 
interface. This provides the multiplexed Address 
bits AO to A7 and Data bits DO to D7 as Alternative 
Functions of Port 0, and the higher order address 
bits A8 to Ai5 as Alternative Functions of Port 1, 
giving the full 64K bytes addressing capability. The 
Program/Data (P/D) output, when selected as an 
Alternate function, allows external decoding to pro- 
vide for the two independent pages of 64K bytes for 
Program and Data. Data transfer timing is gener- 
ated by the Address strobe AS and the data strobe 
DS. Address strobe low indicates that the data 
present on ADO to AD7 is the low order address and 


Figure 27. External Memory Addressing Circuit 
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is guaranteed valid on the rising edge of AS allowing 
for latching of the address bits by an external latch. 
Data transfer direction is indicated by the status of 
the Read/Write (R/W) pin; for write cycles (R/W 
low), data out is valid at the falling edge of DS; for 
read cycles (R/W high), data in must be valid prior 
to the rising edge of DS. The Data Strobe low period 
may be extended to accomodate slow external 
devices by the adding of internally generated wait 
cycles (0 to 7 cycles for program and/or data mem- 
ory maps) or by an external input on the WAIT input 
pin also available as an Alternative Function of an 
I/O bit. Suggested interface circuits are shown in 
Figure 27 and Figure 28. 


s MAY BE INCLUDED IN AN SGS—THOMSON GAL16V8AS 
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INTERFACING TO EXTERNAL MEMORY (Continued) 


Figure 28. External Memory Addressing Circuit 
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BUS CONTROL 


Multi-processing or external program testing may 
be accomplished by disabling the I/O ports used for 
external memory addressing and the associated 
timing signals. 


High Impedance Mode 


The User may place the External Memory Interface 
(I/O Port 0 and Port 1, Address Strobe, Data Strobe 
and Read/Write) into the high impedance state by 
setting the HIMP bit in the MODER Register. Exter- 
naltest equipment may then drive the memory lines 
for automatic test, external memory validation or 
programming. The ST9 will continue to execute 
internal programs, providing no external memory is 
addressed, allowing the execution of security rou- 
a without showing the externally addresses 
used. 
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Bus Request/Acknowledge 


The External Memory Interface address ports and 
timing signals may be forced to their high imped- 
ance state by utilizing the BUSREQ, Bus Request, 
and BUSACK, Bus Acknowledge, signals available 
as Alternate Functions of two I/O pins (please refer 
to the pin Sd cohen drawings for availability of 
these lines for the package chosen). The signals, 
BUSREQ and BUSACK, must be enabled by set- 
ting the BRQEN bit in the MODER register. Once 
enabled, a low level detected on the BUSREQ pin 
at the start of an internal machine cycle will cause 
the stretching of the CPUCLK, and BUSACK to go 
low indicating that the External Memory Interface is 
disabled. The BUSREQ pin is then continuously 
monitored, and when sampled high, the External 
Memory Interface pins are driven by the ST9 within 
two INTCLK cycles. 
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l/(O PORTS 
Summary of Function 


For each package type of the ST903X, only ten pins 
have a Reserved function: Vdd, Vss, RESET, AS, 
DS, R/W, OSCIN, OSCOUT, the Analog to Digital 
Converter Voltage references, plus, depending on 
package type, the External Interrupt O and 7 input 
pins. All other pins are available as Input/Output 
(I/O) for the user, grouped into Ports of 8 bits. 


These may be programmed to be Input, Output, 
Bidirectional or Alternate Function (Peripheral or 
Memory Interface), on a bit by bit basis, at any time. 
When programmed as an Input the pin may be set 
to TTL or CMOS input threshold levels, while, when 
programmed as Output, Push-Pull or Open Drain 
configuration may be selected. The Bidirectional 
mode sets the pin with a weak pull-up resistor to Vdd 
or to Open Drain, allowing bidirectional communica- 
tion with external logic. The Alternate Function set- 
ting is predetermined for each pin as shown in the 
Pin Configuration Table. The circuitry of the I/O port 
allows for several ST903X peripheral functions to 
address, as Alternate Functions, the same pin, for 
both input and output, the programmer selects 
which peripheral function is to be active by enabling 
its individual Input or Output function. This multi- 
function I/O capability of the ST903X allows for easy 
adaptation to external circuits. The options available 
for each bit are summarized in Table 8. 


Figure 29. I/O Port Schematic 
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Table 8. I/O Port Schematic 


TTL Thresholds 
Input 
CMOS Thresholds 
Push-Pull 


Output 


Bidirectional 
|WeakPulltup Pull-up 


Open Drain 


Push Pull 


I/O Port Configuration 


The configuration of each general I/O bit of the 
ST903xX is set by the corresponding bits in three I/O 
Port control registers. These affect the status of the 
input and output buffers of the pin, and enable the 
Alternate function Outputs. Alternate Function in- 
puts are always connected, and are used by enab- 
ling the function from within the configuration 
registers of the relevant peripheral function. The 
configuration of an I/O bit is shown in Figure 28. 
Outputs follow a Master/Slave buffer, data is trans- 
ferred from the ST9 internal data bus at the begin- 
ning of the machine cycle, and, if enabled as output, 
is passed to the output latch at the end of the cycle. 
This synchronization allows for the Bidirectional use 
of the pin without potential conflicts (see Figure 29). 


Alternate Function 


ALTERNATE 
FUNCTION (IN) 


INPUT LATCH 
INTERNAL DATA BUS 
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I/O PORTS (Continued) 


Configuration Registers. Three registers are used 
to allow the setting of each pin, generically PxC2, 
PxC1, PxCO, where x relates to the 8 bit I/O port in 
which the bit is present. The setting of the corre- 


Table 9. Port Configuration Status Bits 


Pxn Configuration 


Pxn Output | 


Pxn Input 


n = Bit 

BID = Bidirectional 
OUT = Output 

IN. = Input 


AF =Alternate Function 
WP = Weak Pull-up 

OD =Open Drain 

PP = Push-Pull 

HI =High Impedance 


Figure 30. I/O Port Input Configuration 
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sponding bit in each register to achieve the desired 
functionality of the I/O pin is shown in Table 9. 


The effect of the configuration settings of Table 9 
on the I/O ports structure is shown in Figures 30 to 
33. 


Figure 31. 1/O Port Output Configuration 
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1/0 PORTS (Continued) 


Figure 32. I/O Bidirectional Configuration Figure 33. I/O Port Alternate Function Config. 
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I/O Register Map are found in Group E of the Register File, for 


The Data Registers which correspond to the pin immediate access at all times, while the configura- 


status (after configuration) of I/O Port 0 to Port 5, tion registers and the Data Registers for Additional 
Ports are found within I/O pages (Group F) 2 and 3. 


Figure 34. I/O Register Maps 


GROUP E GROUP F 
DEC DEC HEX 
R255 RFF 
R254 RFE 
R253 RFD 
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R251 RFB 
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R246 RF6 
R245 RF5 
R244 RF4 
R243 RF3 
R242 RF2 
R241 RF1 
R240 RFO 
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I/O PORTS (Continued) 


Handshake and DMA 


/O Port 5 of the ST903X (please refer to the pin 
configuration table for the availability of all 8 bits of 
Port 5, as this is dependent on the package type) is 
able to support a parallel interface port with hand- 
shake capability. This allows one, two or four wire 
interconnecting handshake signals and facilitates 
very fast parallel transfer of data for input and output, 
or for the interconnection of peripheral devices requir- 
ing strobe signals for synchronization. Table 10 
shows the available options for input and output 
status and strobe signals available as Alternate 
Functions of I/O port bits (see Pin Configuration). 
The Handshake configuration is set within the Hand- 
shake Conirol Register (HDCnR) for the relevant I/O 
port n. 


Data transfer through the parallel I/O port with 
handshake can also be triggered through a DMA 
channel. Timing is generated by the ST903X 
TIMER ON-CHIP EVENT strobe signal (see the 
TIMER section for information on generating these 
signals), which causes the programmed transfer of 


data to or from the memory source which can be 
Register File, Program space memory or Data 
space memory. An example of application of this 
technique is shown in Figure 35, a complex stepper 
motor timing sequence automatically being trans- 
ferred from a table in the Register File (or memory 
spaces) to the stepper motor drivers. After initializ- 
ation, this operation is transparent until the task 
(complex microstepping) is completed. - 


Table 10. Handshake Control Signal Options 


Bidirectional 


Figure 35. Handshake + DMA Used for Stepper Motor Driving 
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TIMER/WATCHDOG 


A 16 bit down-counter, complete with 8 bit prescaler, 
is integrated into the ST903X core. This is able to 
operate both as a general purpose timer with asso- 
ciated input and output pins for timing functions, 
and also as a Watchdog Timer offering a security 
against possible processor malfunctions due to ex- 
ternal events. 


Timer Modes 


When operating as a Timer, with a timing resolution 
from 333ns to 5.59s (INTCLK = 12MHz), an input 
pin (WDIN) and output pin (WDOUT) may be se- 
lected as the Alternate Functions of two |/O pins. 
When WDIN is enabled by the user by setting INEN 
high and the Alternate Function is set, 4 operating 
modes are available: The WDIN input may be pro- 
grammed to act as an event counter input, with high 
to low transitions causing the counter to decrement. 
The time duration between the falling edges of the 
input clock must be at least 333ns (allowing a 
maximum input frequency of 3MHz). It may also be 
used for pulse width measurement by being se- 
lected as a counter clock gate signal (prescaler to 
the counter being driven by INTCLK/4), counting 
being enabled when WDIN is ata high level. Trigger 
and Re-trigger modes cause a reload of the timer 
user preset values (START/STOP is active) for a 


Figure 36. Timer/Watchdog Block Diagram 
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high to low transition on WDIN at any time (Re-trig- 
ger mode) or when the counter is at the end of count 
(Trigger mode). The counter decrements at a rate 
driven by INTCLK/4. 


The WDOUT pin, when set as the Alternate Func- 
tion, is enabled by OUTEN high, and may either 
toggle the state of the I/O bit (frequency generation, 
OUTMD = "0") or pass the state of the WROUT bit 
to the output allowing PWM generation (OUTMD = 
"{") at the end of count (Timer value = 0) condition. 


Watchdog Mode 


The timer functions may be disabled, and the Timer 
configured for a Watchdog operation by re-setting 
WDGEN to zero. Once the Watchdog has been 
selected it cannot be set back into the standard 
timer mode until the next Hardware Reset cycle. 
The programmer should set the watchdog timer 
prescaler and timer reload value before enabling 
the Watchdog mode. The Watchdog Timer must 
then be retriggered, causing the reloading of the 
timer value, by the operation of writing of the byte 
sequence OAAh, 055h to the WDTRL register. If this 
is not done before the Watchdog counts to zero, the 
Watchdog Timeout condition occurs. This causes 
a Hardware Reset of the ST903X. The Watchdog 
reset signal is not output on the external RESET 


pin. 
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TIMER/WATCHDOG (Continued) 


Timer/Watchdog Interrupts 


The Timer/Watchdog may provide several levels of 
interrupts selectable by the programmer. 


The Timer mode offers two interrupt sources, trig- 
gered on the timer value reaching 0, either a prio- 
ritized level (by taking the Interrupt priority channel 
from the External Interrupt INTAO) or by a top level, 
non-maskable interrupt (taking the external NMI 
input channel). 

The interrupt channels are multiplexed from the 
alternative source according to the status of the 
[AOS and TLIS bits as shown in figure 38. Please 
refer to the ST9 Technical Manual for further details 
on changing the interrupt sources of the 
Timer/Watchdog.When the Watchdog mode is set 
(WDEN = "0"), the timer value equal to 0 event 
generates a Hardware reset of the ST903X. The 
Timer/Watchdog control registers are located within 
Page 0 of the Paged I/O register group. 


Figure 37. Timer/Watchdog in Watchdog Mode 
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Figure 38. Timer/Watchdog Interrupt Sources 
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MULTIFUNCTION TIMER 


The ST903xX includes two identical 16 bit Multifunc- 
tion Timers (MFT) in addition to the 
TIMER/WATCHDOG. The following description ap- 
plies to both Timer 0 and Timer 1. 


Each timer is a 16 bit Up/Down counter, driven by the 
output of an 8 bit prescaler which may be driven by 
INTCLK/3 (giving a minimum timing resolution of 
250ns at INTCLK = 12 MHz) or by an external source. 
This timer is supported by two 16 bit Comparison 
Registers for generating timed functions and two 16 
bit Capture/Load Registers for timing and variable 
timebase functions. These features coupled with 2 
input pins (TXINA and TxINB) and 2 output pins 
(TxOUTA and TxOUTB, where x = 0 or 1), available 
as Alternate Functions, giving the timer 13 operating 
modes for virtually all required timing functions. 


MFT Operating Modes 


The operating modes selected by the programming 
of the Timer Control Register (TCR Timer x) and the 
Timer Mode Register (TMR) are as follows: 


One-Shot Mode. The counter stops at the End Of 
Count Condition (up or down count). 


Continuous Mode. At End Of Count the timer is 
reloaded from a Load Register. 


Trigger Mode. A Trigger causes reload from a load 
register only if the Timer is at End of Count. 


Figure 39. Multifunction Timer Block Diagram 
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Retrigger Mode. A Trigger causes reload from a 
load register at any time. 


Gate Mode. Counting is performed only when the 
external gate input (TxINA or TxINB) is active (logi- 
cal 0). 


Capture Mode. A Trigger causes the timer value to 
be latched into the selected Capture register. 


Up/Down Mode. A Trigger causes a count up or 
down, or a change in counting direction. 


Free-Running Mode. Up or Down counting is per- 
formed to the full range with no action at End of 
Count. This is used in Bicapture and Capture 
Modes. 


Monitor Mode. One Capture register follows the 
contents of the timer. 


Autoclear Mode. The timer is reset to 0000h or 
FFFFh (up or down count respectively) on a trigger. 
This gives delta time measurement or free running 
with a modulo of less than 276. 


Biload Mode. The counter is reloaded on an End 
Of Count condition alternately from the two Load 
Registers. (PWM output). 


Bicapture Mode. A Trigger causes the current timer 
value to be transferred alternately to the two Cap- 
ture registers (pulse width measurement). 


CAPTURE/LOAD ; 
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MULTIFUNCTION TIMER (Continued) Table 11. Input Pin Function Settings 


Parallel Mode. The prescaler output of Timer 0 is Input Control 
internally connected to the input of the prescaler of Register ae ilal ane Input 
Timer 1, if this is then set to 00h (= divide by 1), then IN3-INO bits cad cat MACHON 


the two timers may be run in parallel. 


VO 0 

The trigger events may be either caused by soft- V0 Tacaer 
ware, or an action on the two input pins which may 99 
be programmed to respond to rising, falling or both Gate 1/0 
edges of the input. The input modes are selected in Gate Trigger 
the Input Control Register (ICR) as shown in 
Table 11. fe) Ext.clock 
This includes the Autodiscriminator mode, which Trigger He) 
causes the timer to count up or down depending on Gate Ext.clock 
the phase between the two input edges, such as 
the signals generated by optical encoders. Trigger Trigger 
The two output pins (available as Alternate Func- cheep CES PEND 
tions) may be programmed through the Output Up/Down Ext.clock 
Control Registers OCRO and OCR1 to be modified ; 
(Set, Reset, Toggle or No Operation) on each of pigs Tggeh own 
Overflow/Underflow (OVF/UNF), Compare on Up/Down VO 
mates ae or Compare on CMP1 (COMP'1) hiacdisee Ritsdiser 

; - . ; Trigger Ext.clock 
This allows repetitive signals such as PWM drive to 
be output with minimum CPU overhead. Figure 40 Ext.clock Trigger 
shows some typical waveforms available from Trigger Gate 


these signals. 


Figure 40. Example Output Waveforms 
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MULTIFUNCTION TIMER (Continued) 


The Overflow/Underflow event and the Compare 0 
event may also be programmed to give On-chip Event 
timing signals to trigger other peripheral operations 
on the ST903X. These are as shown in Table 12. 


Table 12. ST903X On-Chip Event Setting 


A/D Conversion Trigger | 
Handshake Trigger Port 


The TxOUTA and TxINA lines for each timer may 
be connected together internally, by setting of the 
SCx bits of the I/O Connection Register (IOCR). 


The Multifunction Timers are enabled for counting 
by the Counter Enable bit (CEN, TCR.7) of the 
respective timer unit. When CEN is low, both pres- 
caler and timer are halted. CEN is logically ANDed 
with the Global Counter Enable bit (GCE, CICR.7), 
so that both timers may be started in synchronism, 
i.e. when the timers are set into Parallel mode, this 
allows initialization of both Timers before triggering 
at the same instant. 


MFT Interrupts 


Each Multifunction Timer can generate interrupt 
requests from 5 different interrupt sources which 
are grouped into 3 independent groups. 


The Interrupt Vector has the source of the interrupt 
group encoded by hardware into the least signifi- 
cant 3 bits of the vector. This allows the programm- 
ing of the base address to an 8 byte block within the 
interrupt vector area of the Program Space. The 
groups and respective addresses are shown in 
Table 13. 


Table 13. MFT Interrupt Vectors 
Interrupt Source 


CAPT1 


Each source may be independently masked, in 
addition all Timer interrupts may be disabled by the 
Global Timer Interrupt enable (GTIEN, IDMR.7) 
control bit. If a Timer interrupt on Compare 0 or 
Capture 0 does not have its corresponding pending 
bit reset before the next interrupt, then an overrun 


Ay BiBotiomones 


$ST9030 - ST9031 


condition occurs. This condition is flagged in two 
dedicated overrun bits in the Timer FLAGS register. 


MFT DMA Channels 


Two independent DMA channels are present within 
each MFT, associated to the Compare 0 and Cap- 
ture 0 sources. This allows 16 bit DMA transactions 
from Register File/Memory to COMPO registers, 
and from CAPT0 registers to Register File/Memory. 
The DMA channels allow the capture of external 
event timings in memory allowing off-line analysis, 
and creating of variable pulse width signal trains, as 
required by the drive of Triacs in certain modes. 


The two interrupt mask sources are independently 
masked by two DMA mask bits, mapped in. the 
IDMR register. The End of Block (EOB) procedures 
are as described in the INTERRUPT/DMA section. 


The DMA counter and address pointer registers 
share the most significant user-programmable 6 
bits for both DMA channels (COMP 0 and CAPT 0), 
thus the mapping of the counter and address reg- 
isters use automatic offsets from the base address. 
The actual mapping changes dependent on 
whether the Register File or Memory is addressed 
for the transfer. The offsets are shown in Table 14. 


Table 14-1. MFT DMA Address and Counter 
Registers for Memory DMA Transfers 


POINTER MAP FOR MEMORY DMA 
Register File 


COMP 0 16 bit 11 (1 
ADDRESS yyyyyy 4) 
POINTER 10 (h) 


CAPT 0 16 bit 04 (I) 
ADDRESS 
POINTER 00 (h) 


Address INCREA- 


Pointers PRIORITY 


COMP 0 DMA | xxxxxx 
COUNTERS 16 bit 
COUNTER XXXXXX 
APT O DMA | xxxxxx 
16 bit 
COUNTER XXXXXX 


USER PROGRAMMABLE 


yyyyyy 
XXXXXX 
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MULTIFUNCTION TIMER (Continued) 


Table 14-2. MFT DMA Address and Counter 
Registers for Register File DMA Transfers 


POINTERS FOR REGISTER FILE DMA 


8 Bit COUNTER | Xxxxxx 
8 bit ADDR. 
POINTER OS 


COMPARE 0 


8 bit COUNTER | XXxXxxx 


8 bit ADDR. 
POINTER 


CAPTURE 0 


XXXXXX 


XXXXXX USER PROGRAMMABLE 


After the .transfer of the complete block of data 
to/from the MFT, the count registers reach the zero 
value and an end of block interrupt occurs so that 
the ST9 may process the new data. In many cases, 
the time taken to reload the data tables and to 
re-trigger the DMA action causes speed limitations, 
especially in those applications requiring a continu- 
ous high speed data flow, because of the time 


Figure 41. Multifunction Timer Page Maps 
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consumed by the restore routine. An additional 
DMA function, the SWAP mode, overcomes this 
limitation. This is enabled by the setting of the 
SWEN (IDCR.3) bit. 


This causes hardware generated signals to replace 
the user address bit 2 of both the address and 
counter pointers. The address and counter regis- 
ters are thus duplicated at an offset of 4 registers. 
At the End Of Block condition, the EOB interrupt is 
generated to signal the end of DMA, and the state 
of pointer address bit 2 toggles state automatically 
and the new address and count values are used. 
Thus the ST9 can safely process the previous block 
of data while the new block is being transferred. 
This will continue until the SWAP mode is disabled. 
A software protection scheme is implemented to 
prevent non-updated pointer registers from being 
used if a second EOB interrupt arrives during the 
servicing of the first. This mechanism locks the state 
of the DMA mask bit to prevent further transfers 
from taking place. The user should check for this 
condition in the EOB routine to ensure that all the 
DMA transfers are properly serviced. 


The control Registers of each MFT occupies 20 
registers within the I/O paged area. These are 
mapped as shown in Figure 41: 


In addition the MFT is able to trigger byte DMA 
transfers in both directions through an I/O port with 
Handshake (see I/O Handshake and DMA). 
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SERIAL PERIPHERAL INTERFACE 


The Serial Peripheral Interface (SPI) is integrated 
into the Core module of the ST9 and provides a 
general purpose shift register based peripheral 
allowing synchronous serial V0, with special modes 
allowing compatibility with I? C-bus and IM Bus 
Communication standards in addition to the stand- 
ard serial bus protocol. The SPI uses 3 lines com- 


Figure 42. SPI Functional Diagram 


Lakes INT2 
COND O 


ST9 CLOCK 


INTERRUPT 


prising Serial Data Out (SDO), Serial Data In (SDI) 
and the Synchronous Serial Clock (SCK) which are 
available as Alternate Functions of I/O pins. Addi- 
tional I/O pins may act as device selects or IM Bus 
address ident signals. The functional diagram of the 
SPI is shown in figure 42. 


The SPI (when enabled, SPEN high) receives input 
data from the ST9 internal data bus into the SPIDR, 
and originates the SCK to shift the data serially 
through SDO (Most Significant bit first) to the slave 
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device which responds by sending data to the 
master device via the SDI pin. This implies full 
duplex transmission with both data-out and data-in 
synchronized with the same clock signal. Thus the 
byte transmitted is replaced by the byte received, 
eliminating the need to separate "Tx Empty" and 
"Rx full" status bits. After the 8 clock cycles have 
been concluded, the received data in SPIDR is 
parallel transferred to the read buffer and data 


RETURN TO 
DATA BUS 


READ BUFFER 


DATA _ BUS 


VA00439 


becomes available for the ST903X during the next 
read cycle of SPIDR. The TXBUSY bit is set when 
transmission is in progress, this allows the user to 
monitor the status of the SPI by polling of this bit. 


The SPI can operate only in master mode, i.e. the 
clock is always generated by the ST903X, however 
the SCK polarity and phase can be programmed to 
suit all peripheral requirements (Figure 43). This, 
together with the 4 programmable bit rates (divided 
from the INTCLK, Table 15, provide the large flexi- 
bility in handling different protocols. 
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SERIAL PERIPHERAL INTERFACE (Continued) 
Figure 43. SPI Data and Clock Timing 


INTERNAL 


READ STROBE 


SDI/SDO 


Table 15. SPI Rate Selection 


Clock SCK Frequency 
SPR1 SPRO (INTCLK = 12 MHz) 


1500 KHz (T= 0.67 us) 


750 KHz (T= 1.33 ps) 


93.75 KHz (T= 10.66 ps) 


46.87 KHz (T= 21.33 ps) 


I?C-bus Compatibility 

The SPI includes additional circuitry to enable the 
use of external I°C-Bus peripherals. The |*C-Bus 
mode is a 2 wire bus while the SPI operates with 3 
wires, however wire-ANDing SDO and SDI gives 
the required signalling, while setting the BMS bit 
causes the enabling of the special I2C-bus features: 
Clock Slowdown by external devices and Arbitration 
Lost detection. This mode also affects the Interrupt 
sources as shown in the next section. 
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SPI Interrupts 


The SPI, when enabled, uses the INT2 external 
interrupt channel source, using the priority selected 
for INT2 within the External Interrupt Priority regis- 
ters. The INT2 mask bit should be set and INT2 
pending bit reset before enabling the SPI through 
SPEN. The BMS and SPEN bits select the SPI 
internal interrupt source as shown in Table 16. 


Table 16. SPI Interrupt Sources 


0 0 External channel INT2 
0 | 
1 X 


S-BUS/I°C bus start or 
SPI Registers 


stop condition 
The two registers controlling the SPI are located in 
I/O page 0, the Data Register, SPIDR, at R253 and 
the control register, SPICR, at R254. 


End of one byte 
transmission 
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SERIAL COMMUNICATIONS INTERFACE 


Function 


The Serial Communications Interface (SCI) of the 
ST903X offers a means of full-duplex serial data 
transfer to a wide range of external equipment with 
its fully programmable character format control for 
asynchronous and byte synchronous serial |/O, in- 
tegral Baud Rate Generator, giving a maximum 
baud rate of 375K Baud in Asynchronous mode 
(Internal Clock), and two DMA channels for trans- 
parent transmission and reception of characters. 
Support is also present in hardware for Line Break 
Detection and generation, character search, net- 
work interfacing with 9th bit Address logic, and Local 
Loop Back and Auto echo modes for Self- Test. The 
control registers for the SCI exist within one I/O 
page within the I/O page group. 


Figure 44. SCI Functional Block Diagram 


$T9030 - ST9031 


Character Formats 


When used for asynchronous character trans- 
mission and reception, the character format may be 
changed (through the Character Control Register 
CHCR) to suit external equipment requirements. 
This is summarized in Figure 45. 


The baud rate clock for asynchronous mode should 
be set to the + 16 Mode and the frequency of the 
clock input (from an external source or the internal 
baud-rate generator output) set to suit this. 


This format control is also available for the byte 
synchronous mode (Clock divider set to + 1), when 
the data and clock are output in synchronism, the 
data being sampled once per clock period (Figure 
46). For a second synchronous mode, CLKOUT is 
activated only for the data section of the word (figure 
47) on serial data output, and input data is latched 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


on the rising edge of the external synchronised 
clock input on the RXCLK pin. This mode may be 
used to access external synchronous peripherals. 


The Address bit/D9 is optional and may be added 
to any word format, it is commonly used in network 
or machine control applications. When enabled (AB 
="{"), an address or ninth data bit can be added to 
a transmitted word by setting the Set Address bit 
(SA). This is then appended to the next word en- 
tered into the (empty) Transmitter Buffer Register 
and then cleared by hardware. On character input 
an Address Bit set can indicate that the data preced- 


Figure 45. SCI Character Format 


| START | DATA 


Figure 46. Byte Synchronous Output 


eee 
STOP BIT 


START BIT 
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| PARITY | 


ing the bit is an address which may be compared in 
hardware with the value in the Address Compare 
Register (ACR) to generate an Address Match inter- 
rupt when equal. 


The Address bit and Address Comparison Register 
can also be combined to generate an Address Inter- 
rupt in 4 modes to suit different protocols, based 
upon the status of the Address Mode Enable bit 
(AME) and the Address Mode bit So as shown in 
Table 17. 


The character match Address intsiial mode may 
be used as a powerful character search mode, 
giving an interrupt on reception of a predetermined 
character e.g. Carriage Return or End of Block 
codes. 


STOP 


ie 


pies 


Figure 47. Serial Expansion Mode 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


Table 17. Address Interrupt Modes 


If 9th Data Bit = 1 


If Character Match 


If Character Match and 9th Data Bit = 1 


If Character Match on Word Immediately Following Break 


The Line Break condition is fully supported for both 
transmission and detection. Line Break is sent by 
-setting the SET_BREAK bit (SB). This causes the 
transmitter output to be held low (after all buffered 
data has been transmitted) for a minimum of one 
complete word length and until the SB bit is Reset. 


SCI Interrupts 


The SCI is able to generate interrupts from multiple 
sources. Receive interrupts include data pending, 


Figure 48. SCI Interrupt Typical Usage 
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receive errors (overrun, framing and parity), ad- 
dress or break pending and transmit interrupts are 
software selectable for either the Transmit Holding 
Register Empty (HSN = 1) or for the Transmit Shift 
Register Empty (HSN = 0). Interrupt sources are 
indicated by the Interrupt pending bits, shown in Table 
18. These bits should be reset by the programmer 
during the Interrupt Service routine. 


Table 18. SCI Interrupt Vector 


Interrupt Source Vector Address 


Transmitter Buffer or 
Shift Register Empty/ Xxx X110 
Transmit DMA end of Block 

Xxxx X100 


Received Ready/ 


Receive DMA end of Block 


Break Detector 
Address Word Match 


Receiver Error 


ADDRESS DATA 


NO MATCH 


DATA - DATA BREAK 
INTERRUPT INTERRUPT 


ADDRESS ADDRESS 


MATCH 


ADDRESS DATA DATA 
INTERRUPT INTERRUPT 


CHARACTER SEARCH MODE 


INTERRUPT 


NO MATCH 


DATA 


INTERRUPT 


DATA DATA DATA 


DATA DATA CHAR DATA 
INTERRUPT INTERRUPT MATCH 
INTERRUPT 


D9 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT 


INTERRUPT INTERRUPT 


DATA DATA 
INTERRUPT 


(DATA DATA YY O9=1_Y_CDATA DATA 


DATA DATA D9=1 DATA 


INTERRUPT INTERRUPT INTERRUPT 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


When DMA is active the Receive Data Pending bit 
(RDP), and the Transmit status bit (THE/TSE) inter- 
rupt sources are replaced by the DMA End Of Block 
Interrupt sources for transmit and receive, respec- 
tively. 


Typical Usage of the Interrupts provided by the SCI 
are shown in Figure 48. 


The SCl interrupts have an internal priority structure 
in order to resolve simultaneous events (Table 19). 


The four major levels of interrupt are encoded in 
hardware to provide two bits of the interrupt vector 
register, allowing the position of the block of pointer 
vectors to be resolved to a block size of 8 bytes. 


Table 19. SCI Interrupt Internal Priority 


Receive DMA Request Highest Priority 
Transmit DMA Request 


Receive Interrupt 


Lowest Priority 


Transmit Interrupt 


SCI DMA 


Two DMAchannels are associated with the SCI, for 
transmit and for receive. These follow the register 
scheme as described in DMA section. It should be 
noted that, after initializing the DMA counter and 
pointer registers and enabling DMA, data trans- 
mission is triggered by a character written into the 
Transmit Holding register. The DMA End Of Block 
Interrupts generated on completion of the DMA 
transfer take the place of the normal transmit and 
receive character interrupt vectors. 


SCI Clock Generation 


The communication bit frequency of the SCI trans- 
mitter and receiver sections can be provided from 
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the integral Baud Rate Generator (allowing a maxi- 
mum asynchronous bit rate of 350K Baud) or from 
external sources (maximum bit rate 175K Baud). 
This clock is divided by 16 for asynchronous.mode 
(CD=0), or divided by 1 for synchronous modes 
(CD=1). 


External Clock SourcesThe External Clock input 
pin TXCLK may be programmed in Alternate func- 
tion by bits XT and OB to be the transmit clock input 
(respecting the + 16 and +1 timing requirements), 
to act as the output of the Baud Rate Generator 
(allowing an external divider circuit to provide the 
receive clock for split rate transmit and receive e.g. 
1200/75 baud), or to be. CLKOUT, the clock output 
for the synchronous mode. Receive clock input via 
RXCLK Alternate function is enabled by the XR bit, 
this input should be set according to the setting of 
the CD bit. 


Baud Rate Generator. The integral Baud Rate 
Generator is a 16 bit divide by ncircuit of the Internal 
Clock INTCLK. Thus INTCLK should be chosen to 
provide a suitable frequency for division by the 
Baud Rate Generator to give the required transmit 
and receive bit rates. 


Suitable INTCLK frequencies and the divider values 
for standard Baud rates are shown in Table 20. 


The act of writing to either of the two registers 
comprising the 16 bit divider causes a reset of the 
SCI, allowing initialization of the SCI settings before 
the writing of the other Baud Rate Generator regis- 
ter. 


Self Test 


Testing of the communications channel may be 
performed using the facilities of the SCI. Auto Echo 
mode (SCI SOUT disconnected, SIN pin internally 
connected to SOUT pin) and Loopback mode (SCI 
transmitter and receiver sections disconnected 
from SOUT and SIN pins and directly connected 
internally) may be used individually or together. 
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SERIAL COMMUNICATION INTERFACE (Continued) 


Table 20. SGI Baud Rate Generator Divider Values 


153.60000 
307.20000 
614.40000 
1228.80000 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


INTCLK: 7680.000 KHz 
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0.80000 
1.20000 
1.75985 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
590.76923 
1280.00000 


0.80000 
1.20000 
1.75990 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


Deviation 


0.0000% 
0.0000% 
0.0083% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.8462% 
4.1667% 


Deviation 


0.0000% 
0.0000% 
0.0058% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
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ANALOG TO DIGITAL CONVERTER 


The ST903X Analog to Digital Converter (A/D) is 
comprised of an 8 channel multiplexed input selec- 
tor and a Successive Approximation converter. The 
conversion time is a function of the INTCLK fre- 
quency; at the maximum 12MHz clock rate, conver- 
sion of the selected channel takes 11s. This time 
also includes the 3us setting time of the integral 
Sample and Hold circuitry, which minimizes need 
for external components. The resolution of the con- 
verted channel is 8 bits +1/2 Isb between the Analog 
Vss and Vdd references which occupy two pins of 
the ST903X (AVss and AVpp respectively). This 
allows the full 256 bit resolution to apply over a 
reduced input range such as provided by various 
sensors and allows the best supply noise rejection. 


Figure 49. A/D Block Diagram 


INTERNAL 


The input Analog channel is selected by using the 
Alternate Function setting as shown in the I/O ports 
section. The I/O bit structure of the port connected 
to the A/D converter (Port 4) is modified as shown 
in Figure 50 to prevent the Analog voltage present 
at the I/O pin from causing high power dissipation 
across the input buffer. Un-selected analog chan- 
nels should also be maintained in the Alternate 
function mode for this reason. A Power Down mode 
is available for applications which require low power 
dissipation, this is selected by setting to zero the 
POW bit which turns off all Analog functions within 
the A/D converter. 
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ANALOG DIGITAL CONVERTER (Continued) 


Figure 50. A/D Input Configuration 
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Figure 51. A/D Trigger Sources 
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Conversion 


Each of the input Analog channels (AINO-7) can be 
converted singly or continuously. In single mode 
(CONT = "0") conversions are triggered by setting 
the Start/Stop bit ST, this is reset by hardware at the 
end of a group of conversions and conversion 
stops. The Autoscan mode (CONT = "1") converts 
each input channel in sequence, starting from the 
channel number selected in the Start Conversion 
Address (SC1-3) bits and increasing to channel 7 
(AIN7), repeating so that the data registers will be 
maintained with the latest converted result. Conver- 
sion start is triggered by internal or external events. 
An external trigger (enabled by EXTG = "1") is 
caused by a pulse on the ADTRG pin available as 
an Input Alternate Function. This should have a 
minimum length of 80ns and of a period greater than 
the conversion time. The Internal trigger is enabled 
by setting INTG to "1" (this is ORed with EXTG to 
prevent hardware conflicts, but the correct proce- 
dure is to enable only one source at a time), in this 
case triggering is either by setting the ST bit by 
software or by enabling the ON-CHIP EVENT signal 
from the TIMER module to provide a trigger,from 
the timer. 


START GROUP 
OF CONVERSIONS 
CONTINUOUS OR 
SINGLE MODE 
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ANALOG DIGITAL CONVERTER (Continued) 


The resulting data from the converted Analog chan- 
nel AINx is stored in the appropriate Data Register 
DxR. Two channels AIN6 and AIN7 have a special 
feature known as the Analog Watchdog, by the use 
of two Threshold Registers for each channel. The 
Upper, (C6U, C7U), and lower, (C6L, C7L), regis- 
ters contain user preset values. 


These values are automatically compared to the 
value in the Data Registers D6 and D7 following 
each new conversion. If the resulting data is less 
than the corresponding Lower Threshold Register, 
or higher than the contents of the corresponding 
Upper Threshold Register, then an interrupt may be 
generated. This hardware feature minimizes analog 
monitoring overhead and is particularly useful in 
motor control applications as shown in Figure 52. 


Figure 52. Analog Watchdog used in motor speed control 
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A/D interrupts 


The ST903X A/D converter provides two interrupt 
sources, End of Conversion and an Analog Watch- 
dog Request. The interrupt vector register (IVR) 
provides 1 bit automatically generated in hardware 
to follow the interrupt source, allowing the user to 
select the base address of a four byte area of the 
interrupt vector table in which to store the A/D 
Interrupt Service Routines. The Analog Watchdog 
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Request requires the user to poll within the Com- 
pare Result Register (CRR) to determine which of 
the four thresholds has been exceeded, the thre- 
shold status bits should be reset by software in the 
service routine. The interrupt pending flags, ECV 


. (End of Conversion) and AWD (Analog Watchdog) 


should also be reset by the User in the Interrupt 
service routine before the return. The ST903X 
Analog to Digital converter occupies I/O page 63 
(Group F). 
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SOFTWARE DESCRIPTION 


Addressing Modes 


The ST903X offers a wide variety of addressing 
modes and combinations to facilitate full and rapid 
access to the address spaces while reducing pro- 
gram length. Register addressing (using the work- 
ing register group mechanism or directly 
addressed) can be used as 8 or 16 bit values for 
data or indirect addressing into the memory spaces 
or the Register File. The selection between Pro- 
gram Memory and Data Memory is performed 
through the DP bit in the FLAG Register, all sub- 
sequent actions on the memory space will affect the 
selected map only, apart from the memory map to 
memory map post-increment addressing mode 
which allows the map to be specified as part of the 
instruction for both destination and source oper- 
ands. Apart from the immediate data and condition 
codes all operands are expressed as register file or 
memory addresses. 


The available addressing modes, with the ST9 
macro-assembler notation, are in Table 21 


Table 21. Addressing Mode 


Addressing Mode | Notation | 
r R 


Register Direct 

Register Indirect 

Register Indirect with Post-Increment 
Register Indexed 

Register Bit 

Memory Direct 


Memory Indirect 


Memory Indirect with Post-Increment 
Memory Indirect with Pre-Decrement 
Memory Indexed with Immediate Short Offset 
Memory Indexed with Immediate Long Offset 


Memory Indexed with Register Offset 


Memory Indirect Bit 


Legend: N = 8 bit Value 
NN =16 bit Value or Address 
r = Working Register 
R = Directly Addressed Register 
) =Indirect Addressing 
)+ = Indirect with Post-Increment 
( ) = Indirect with Pre-Decrement 
.b5 = Bit Number (0 to 7) 
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Combinations of Available Addressing Modes. 


Table 22 describes the addressing modes available 
for the Register File and the memory (as a destina- 
tion or a source) for a two operand arithmetic, logic 
or load instruction, while the other operand is a 
directly addressed register. 

Addressing modes are also available for the desti- 
nation operand of these instructions, when the 
source operand is immediate data contained in the 
instruction. 


Memory to memory operations can be performed 
by using the memory indirect addressing mode for 
both the source and the destination operands of 
instructions. 

In order to allow easy block operations, addressing 
combinations are provided for the load byte instruc- 
tions. 

One operand arithmetic, logic and shift byte instruc- 
tions as well as push and pop byte instructions have 
direct register and indirect register addressing 
modes. Most other instructions have direct register 
addressing mode only, with the exception of the 
program control instructions and the bit set and test 
instructions. 


Table 22. Addressing Mode Permutation for 
Instructions 


Two Operand Arithmetic and Logic Instructions 


[_Pestnation [Source 


Register Direct Register Direct 

Register Direct Register Indirect 
Register Direct Memory Indirect 
Register Direct Memory Indexed 


Register Direct Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 


Register Direct 


Register Indirect 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Load Instructions 


Destination Source 


Register Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 
Register indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect With 
Post-increment 


Memory Indirect With 
Pre-Decrement 


Memory Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 
Register indirect 
Register Indexed 
Memory Indirect 

Memory Indexed 


Memory Indirect With 
Post-increment 


Memory Indirect With 
Pre-Decrement 


Memory Direct Register Direct 


Two Operand Arithmetic and Logic Instructions 


Register Direct 


Register Direct 


Destination Source 
Register Direct Immediate 
Memory Direct Immediate 


Memory Indirect Immediate 


Two Operand Load Instructions 
[Destination [Sours 


Register Direct Immediate 
Memory Direct Immediate 
Memory Indirect Immediate 
Long Indexed Memory) | Immediate 


Two Operand Arithmetic, Logic & Load Instructions 
[Destination [Source 
Memory Indirect Memory Indirect 


Table 22. Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Load Instructions ® 
-—pesinion | soroe 


Register Indirect with Memory Indirect with 
Post- Increment Post- Increment °- 


Memory Indirect with Register Indirect with 
Post- Increment Post- Increment 


Memory Indirect with Memory Indirect with 
Post- Increment Post- Increment 


Notes: 
1. Load Word only 
2. Load Byte only 


Instruction Set 


The ST903xX instruction set consists of 87 instruc- 
tion types functionally divided into eight groups as 
in Table 23, they are: 


— Load (two operands) 

— Arithmetic & Logic (two operands) 

— Arithmetic Logic and Shift (one operand) 
Stack (one operand) 

Multiply & Divide (two operands) 

— Boolean (one or two operands) 

Program Control (zero to three operands) 
Miscellaneous (zero to two operands) 


The wide range of instructions facilitates the full use 
of the register file and address spaces, reducing 
execution times, while the register pointers mech- 
anism allows an unmatched code efficiency and 
ultrafast context switching. A particularly notable 
feature is the comprehensive "Any Bit, Any Regis- 
ter" (ABAR) addressing capability of the Boolean 
instructions. 


The ST903X can operate with a wide range of data 
lengths from single bit, 4-bit nibbles which can be 
in the form of Binary Coded Decimal (BCD) digits, 
8-bit bytes and 16-bit words. The summary on 
Table 23 shows the instructions belonging to each 
group and the number of operands required for 
each. 


The source operand is "src", "dst" is the destination 
operand, and "cc" is the condition code selection. 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary 


Load Instructions (Two Operands) 


Operand 
fe(z|[sivjoja 
LD dst, src Load 
LDW dst, src Load Word 


Arithmetic and Logic (Two Operands) 


es 


ADD dst, src Add 

ADDW dst, src Add Word 

ADC dst, src Add with Carry 
ADCW .- dst, src Add Word with Carry 
SUB dst, src Subtract 

SUBW dst, src Subtract Word 

SBC dst, src Subtract with Carry 
SBCW dst, src Subtract Word with Carry 
AND dst, src Logical AND 

ANDW dst, src Logical Word AND 
OR dst, src Logical OR 

ORW dst, src Logical Word OR 


XOR dst, src Logical Exclusive OR 

XORW dst, src Logical Word Exclusive OR 

CP dst, src Compare 

CPW dst, src Compare Word 

™ dst, src Test Under Mask 

TMW dst, src Test Word Under Mask 

TCM dst, src Test Complement Under Mask 
TCMW dst, src Test Word Complement Under Mask 


Legend: 0 = Bit set to zero 
1 = Bit set to one 
A = Bit affected 


Bit status undefined 
Bit not affected 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Arithmetic Logic and Shift (One Operand) 


dst 
dst 
dst 
dst 
ist 


' 


d Decimal Adjust 


a Stack Instructions (One Operand) 


Push on System Stack 
Push Word on System Stack 
Push Effective Address on System Stack 


Push on User Stack 
Push Word on User Stack 
Push Effective Address on User Stack 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Multiply and Divide Instructions (Two Operands) 


jms | tn 


ewe‘ Anno 


Axed Divide 16/8 1/ AJA? {| 1 ? 
Divide Word Stepped 32/16 2)? 1? )]?7? 12? | ? 
Boolean Instructions (Two Operands) 


ee 


Bit Load 


Boolean Instructions (One Operand) 


= 
< 


: 


w 
> 
= 
oO 


BLD 
BOR 


w 
x 
O 
ae) 


a pgs 
je{z|siv[o|n 


Ea 
Ee 
or fen _—iavowmpenen «iff 

jx __[orrenerose «id fs fs fe f=] 


Program Control Instructions (Three Operands) 


Compare and Jump on True, 
Otherwise Post Increment 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Program Control Instructions (Two Operands) 


dst, src i 


Bit Test and Jump if False 


dst, src Bit Test and Jump if True 
DJNZ dst, src Decrement a Working Register and Jump if Not Zero 
DWJNZ dst,src Decrement a Register Pair and Jump if Not Zero 


Program Control Instructions (One Operand) 


Operand 
©) 


138) 
=] 
qj 
' 


|e _[iororaaioncorinewn —————*d = 
fat [ootoneinenan d= 
elon [oem id 

iverson id 


Program Control Instructions (No Operand) 


é 
> 
i- 
- 


ii 

TC 

@o 

= 

se) 

a 

a. 
| 
< 


Return from Subroutine 
Return from Interrupt Ee 


Stop Program Execution and Wait Next Enabled In- 
terrupt. Ifa DMA request is present the CPU ex- 
ecutes the DMA service routine and returns to WFI 


state. 


Stop Program Execution until RESET 


Miscellaneous (Two Operands) 


sate | Flge 
elz{s[vio[H 


dst, src Exchange Registers = | 


= 
7 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Miscellaneous (One Operand) 


Operand | Fags 
ps|vjo|H 


ae____[ Saori te wore meson | = 
ao [sro aro Won exon) | 
rer |ow [Stress on Wri ents) | — 
Ea 
jor fee owen ———i----- T= 


Miscellaneous (No Operand) 


ee 
[= ge 

e[z[s[ypel™ 
A 
| Jowaiowts =| =] - | [= 
sor | —domcaneea | -f 
a nO 
cor | —domnencanees ——————*dt ==] - [= [= 
ew | fosetroweniimy == [= |= |= [= 
cou | fonuatonanney |---| -|- [= 
por | |rocreain d=] =f 
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SOFTWARE DESCRIPTION (Continued) 
Processor Flags 


An important aspect of any single chip microcon- 
troller is the ability to test data and make the appro- 
priate action based on the results. In order to 
provide this facility, register 231 in the Register File 
is used as a Flag Register. Six bits of this register 
are used as the following flags: 


C - Carry 

Z - Zero 

S - Sign 

V - Overflow 

D - Decimal Adjust 

H - Half Carry 

One of the two remaining bits in the flag register is 
available to the user (bit 1, Fi). Bit 0 is the Pro- 
gram/Data Memory selector bit and is operated on 
directly by the hardware within the ST903X. The P/D 
pin will follow the status of this bit. 


Condition Codes. Flags C, Z, S, and V control the 
operation of the "conditional" Jump instructions. 
Table 24 shows the condition codes and the flag 
settings affecting the jump. 


Table 24. Condition Codes Summary 


OV Overflow 


Always False 
Always True 


z= 
o) 
a 
oO 
) 
i 
| 
NO 
Il 


N 
= 
o 
N 
2S 
| 

N 
I 


2 
hotel 
Sxorv 
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POWERFUL DEVELOPMENT ENVIRONMENT 
ST9 Software Tools 


The following Software Tools are available for MS- 
DOS, SUN-3 and SUN-4 operating systems: 


AST9 high-level macro assembler with pre- 
defined’ macro instructions (IF/ELSE, 
WHILE, DO, LOOP, SWITCH, BREAK, 
PROCEDURE, RETURN). 

LST9 Incremental Linker/Loader. 

CST9 Optimised C-Compiler (ANSI STANDARD). 

ARST9 Library Archiver. 

SIMST9 Software Simulator with realtime emula- 


tion executor 


ST903X Hardware Emulator. Realtime emulation 
of the ST903xX in all packaging options is performed 
by a modular emulation system, interfaced to the 
host computer through an RS232 channel, with 
powerful hardware breakpoints, on-line assem- 
bler/disassembler, emulation and trace memory. 
The emulator is fully supported by a symbolic on-line 
debugger and help facility. 


Flag Setting 


© 
i 


Om1M 
Te 
=lo/-/;/A2 /o0/o/-!/lo]-= 


< 
I 


Ni< 
II 


N 
It 
fo) 


—_ je 


=0 


MICROELECTRONICS 


$T9030-ST9031 


ABSOLUTE MAXIMUM RATINGS 


a ee See ee a 
ee | 


a ee Input Voltage Ves — 0.3 to vob a +0.3 
FV Output Voltage Vss — 0.3 to Vop +0.3 
Storage Temperature — 55 to + 150 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
tone a of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
evice reliability 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


ng 
Von [ Ops Supp vote 
a 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta=— 40 °C to + 85°C, unless otherwise specified) 


Test Conditions 


8 a eR 
eg 
cuts [ares | frcoa 

Ca 
a eT 
[ine _[Reetvettonteni | ——SSSS*d ae | id cee 
3S aes ens el a 


Output Low Level Push Pull or one Drain, 
load = —1.6mA 
k Pull-up C t eau Weak Pull-up, 
8 


Parameter 
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DC ELECTRICAL CHARACTERISTICS (continued) 


IAPU Active Pull-up Current, VIN < 0.8V = a — 420 
for INTO and INT7 only 
I/O Pin aaa Leakage : oro ammm ri-State, OV < Vin < Vop aan 
)iukrs | Reset Pin Input }Reset Pin Input Leakage | OV< fov<Vin<Voo < Vpp — 30 ea re + 30 


[om frome eee [oa [Tos | 
ucae | Active Pull-up | Active Pull-up Input Leakage | Leakage OV< fOV<Vin<O8V0 < 0.8V -—10 | -10 || +10 
ae es ee 
faint | |e | _@ ma 
Prescale by 2 
En 
fawn | +s | sna 


Note: 
1. Alll/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


Test Conditions 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —-0.8mA 


PUSH-PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH—PULL OUTPUT 
TEST CONDITION 


"O" SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


phar OSCIN Clock Period 


PTC, TIC TC OSCIN Rise and Fall Time 


TwCL, TWCH OSCIN Low and High Width 


Note: 1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vi =0.8V DD 


VIL =0.2V DD 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 1 2MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN uel Divided in a. 
ates | 


+ frac (as) [Address Set-up Time Tec Pst) 22 (2P-+1) -22 TWCH+PTpC —18 20] | as 
eae ThAS (A) [Address Hold Time after AST |TpC-17 TwCL-13 25 | | ns | 
| 3 |TIAS (DR) [AST to Data Available (read) | TpC (4P+2W44)-52 | TpC (2P+W+2) 51 | | 115 | ns | 
| 4 |TwAS —_ [AS Low Pulse Width a (2P+1) -7 eee -3 a 
| § |TdAz(DS) [Address Float to DS 4 


| 6 frwose DS Low Pulse Width a —— (4P42W43) -20 Seg aaa is 


| 7 |twosw [DS Low Pulse Width (write) [Tp (2P+2W+2)-13 | TpC (P+W+1) -13 


Entel TdDSR (DR) |DS J to Data Valid en (read) |TpC (4P+2w-3)-50 | ]WCH+TPC(2P+W+1) — rire 
[a fron esas arta pg 
TdDS(AS) DST to AS J Delay TpC -18 TwCL —14 as 
RAW Set-up Time before AS T_|TpC (2P+1) -22 TwCHsPTpC -18 


DS T to R/W and Address Not 
TdDW (DSW) le Valid to DS J Delay |t4¢ (op41) -32 TwCH+PTpC —28 p10} | rs | 
Person fam eo eas [fw 


Address Valid to Data Valid TwCH+TpC (3P+W+2) 
[1 [rancor [Bein Tecrrravis)-ee |gyoreTec @Pemea)~ || sao | os 
TdAs(DS) |ASTto DS J Delay TpC -18 TwCL -14 | 24 | | ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
pesca value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: TpC = OSCIN Period 
P= Clock Prescaling Value TWCH = High Level OSCIN half period 
W = Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) Unit | 
Symbol Parameter 


aa as OSCIN Not 
Divided By 2 


| 1 |TaAs(watt) |ASTtoWAIT! Delay ss fa(P4t)TpC-29 | = -29 |(P+1)TpC -29 


| 2 |TdAS (WAIT) JAS Tto WAIT T Minimum Delay |2(P+W+1)TpC—4_|(P+wet)Tpc-4_ | 80 | | ns 
| 3 |TdAS (WAIT) [AS Tto WAIT T Maximum Delay — [2(P4W+1)TpC 29 |(P+wet)Tpc—29 | | saws40| ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
eae value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


R/W 


PORTI 
P/D 


PORTO 
(READ) 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VA00115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta= —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
symbol Parameter OSCIN Divided | OSCIN Not Divided 
By 2 By 2 
( 
0 


Reeder oer inet TpC+8 TwCL+12 
1 |TdBR (BACk) BREQ J to BUSACK J 
TpC(6P+2W+7)+65 | TpC(3P+W+3)+TwCL+65 


2  |TdBR (BACK) BREQ T to BUSACK T 3TpC+60 TpC+TwCL+60 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
rescale value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


— | ® 
co}; ® 
oO}; © 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREQ 


BUSACK 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, RW, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter i ve ee | By Aaa 


paapeey | RDRDY, WRRDY ee ie. 2TpC 
ial in One = Handshake ee -18 fae a 
a RDSTB, WRSTB RDSTB, WASTE Pulse Width | Width 2TpCH2 | tpoet2 | 


TdST (RDY) |RDSTB, or WRSTB T TpC+45 ay 87 
to RDRDY or WRRDY J 

TsPD (RDY) {Port Data to RDRDY T (2P+2W+1) TwCH+(W+P) 16 
Set-up Time TpC —25 TpC —25 

5 |TsPD (RDY) |Port Data to WRRDY J Set-up 43 43 43 

Time in One Line Handshake 

ThPD (RDY) |Port Data to WRRDY J Hold 
Time in One Line Handshake 

TsPD (STB) {Port Data to WRSTB T 10 
Set-up Time 

Time 


RDSTBD T to Port Data Delay 
TdSTB (PD) Time in Bidirectional Hand- 35 35 35 
shake 


Time in Bidirectional Hand- 
shake 
Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
pee value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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‘ HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 
INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VA00113 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


$T9030-ST9031 
| 
Symbol Parameter 


aie i 


Divided By | Divided By 
2 Min. 2 Min. 

[i fiwth [tow cove tnimum Puke wh ning Edgewode —_[arpouta [recuse [65 |_| ne 

Ce [Horta Pus Win aE bse letwone owe Tse | [mw _ 

[2 [Twi [Hon Level inimim use Wishin alin Eépe Mode ——_[arpowta_[rooase [65 | | ne 

[4 [iwi [low Level iriman Puse wah inFalingEope Mode favpcese [racese | o5| | os 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
preseae value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


TwWDOL | WDOUT Low Pulse Width 


TwWDIL WDIN Low Pulse Width 
TwWDIH WDIN High Pulse Width 


WATCHDOG TIMING 


TwWOOH _[WOOUT High Pulse wid =o | 


VA00110 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 


Alternate Function set as Push-pull) 
Symbol Parameter Thain 


[2 |reov |sckivovinioaavers i 
a 
Ts [wart [scion ruse was [ooo 
[6 [want _|sokrignpusewian ‘| soo | 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 53. 48-Pin Plastic Dual In Line (B) 


ues! 
| | fo.oza] 
| _joot7t 
[0.31 [0.009] [0.012 


PoIPss 


Figure 54. 68-Lead Plastic Leaded Chip Carrier (C) 


mm __|__inches-__| 
| Typ | Max | Min | Typ | Max_ 
so| [as [ases| [oats 
13||24.33]0.950| [0.958 
ra.20 | 508 [0165] Jono 
irs a a 
a2 | jose] | foo22] 
| E [2261]  (23.62[0.890| [0.930] 
rey ar | oom) 

| joss] | foots] 


L lo 


ee | Se NF 


ARR Ua 


F 
)G | | foro} | 0.004] 
pM | iter] | 0.050} 
TT sd 
81 | j 736] | fo2eo] 


o 
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ORDERING INFORMATION 


ST9030C1/XX 0°C to + 70°C 


Note: "XX" is the ROM code identifier that is allocated by SGS-THOMSON after receipt of all required options and the related ROM file. 
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- $T9030, ST9031 OPTION LIST 


Please copy this page (enlarge if possible) and complete ALL sections. Send the form, with the ROM code 
image required, to your local SGS-THOMSON sales office. 


Customer Company : li coeeacha Ge haeacare ace Wsarameue hae eh woods ee eaeee nob e eies ] 

Company Address : Ns assests ee uat ue en aN Gente et tes sreilctt ate tthe hea a kg tlk ad 
lids dissheay tp ihe acectaetiset a en grasa oni eesirandanaeae aed aus pated eee ae ] 

Telephone : Pakelas ae tdccelstntans eGuemeanat ] 

FAX : ky tener reer rn ee eee ] 

Contact : [cpusiniara tanta fates, ep avectbicn st ] Telephone (Direct): [............ 00... eee, ] 


Please confirm device required : 


Device [ ] (d) Package [ ] (p) Temperature Range [ ] (t) 
Special Marking [ ] (y/n) 11 characters for ST9030 [Tl |] |} } ytd dt db oN) 

13 characters for ST9031 ee ee ee ee ee eee) 
Notes | 


= $179030, 2=ST9031 
= Dual In Line Package, C = Chip Carrier Plastic 


Please consult your local SGS-THOMSON sales office for other marking details 


ROMLESS OPTION (consult text) 


YES [ ] NO 
If yes, identify required pin (Port.bit) 
[ ] P37 [ ] P20 
Code : [ ] EPROM (2764) 
[ ] HEX format files on IBM-PC® compatible disk 
filename: [................00.... ] 
Confirmation : [ ] Code checked with EPROM device in application 
Yearly Quantity forecast : Weenies ss ctateetaes ] kK units 
- for a period of : PeEe ee Cerna are oar eee ] years 
Preferred Production start dates : Te la a Ol ae ah ate see Panetta ] (YY/MM/DD) 
Customer Signature : [bh ttt a cicadas Avene caine gece aan oe! ] 
Date : Ler seen ore nae cae etaaece ates ] 
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(a7, SGS-THOMSON = ST90E30-ST90E31 
SF, WicROELECTRONICS ST90T30-ST90T31 


8K EPROM HCMOS MCUs WITH A/D CONVERTER 


= Single chip microcontroller, 8K bytes of EPROM 
and 256 bytes of register file with 224 general 
purpose registers available as RAM, accumula- 
tor or index pointers. 


8/16 bit CORE with full feature DMA controller 
and powerful interrupt handler and a standard 
Serial Peripheral Interface (SPI) handling 
S-BUS/I°C Bus and IM BUS. 


Up to 8 external interrupts edge selectable plus 
1 non-maskable interrupt. 


16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Timer/Watchdog for system 
integrity. 


Two 16 bit Multifunction Timer modules, each 
with an 8 bit Prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. CLCC68W PLCC68 


8 channel Analog to Digital Converter, with inte- 
gral sample and nold, oe 11s conversion time (Ordering Information at the end of the datasheet) 
and 8 bit + 1/2 LSB resolution with Analog Watch- 
dog on two channels. 


Figure 1. ST90E31,1T31 Pin Configuration 


Full function Serial Communication Interface with 
110 to 375000 baud rate generator, asynchron- 
ous and byte synchronous capability (fully pro- 
grammable format) and address/wake-up bit 


1 
2 
option. 3 P56 
. : : RESET/Vop 4 P57 
= On-chip DMAchannels associated with the Multi- T10uTB/P37 | 5 P44/AINA 
function Timers and the Serial Communication TuNB/P36 H 6 AVss 
Interface. TIOUTA/P35 I] 7 AVop 
TIINA/P34 [ 8 P47/AIN7 
= Up to seven 8 bit I/O ports with programmable ToouTB/P33 [| 9 P46 /AING 
input thresholds and output characteristics. Alter- Bee teats 
U ST90E31 
native functions allow the full use of all pins. sje Nina eae a2 alee aie 
= Powerful software development tools, including ee aa Pa STB ef 
assembler, linker, C-compiler, archiver, software era ae Mt ESTES 
and hardware emulators. A2/02/P02 P23/SD0 
: : : ‘ A3/D3/P03 P22/INT2/SCK 
= 68-lead Window Ceramic Leaded Chip Carrier spe eA eS 
package for ST90 E30. A5/05/P05 P20/NM! 


A6/D6/P06 P70/SIN 
A7/07/PO7 P71/SOUT 
package for ST90E31. Yop P72/INT4/TXCLK/CLKOUT 


= 48-pin Window Dual in Line Ceramic Multilayer 


AS 
DS 


= 68-lead Plastic Leaded Chip Carrier package for 
ST90T3O. 


= 48-pin Dual in Line Plastic package for ST90T31 VA00255 


May 1991 1/21 


ney 
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Figure 2. ST90E30,T30 Pin Configuration 


TIOUTA/P35 
THNA/P34 
TOQUTB/P33 
TOINB /P32 
TOOUTA/P3! 


© DP P36/TINB 
e 1 P37/TIOUTB 
~ P RESET/Vpp 


D P44/AIN4 


AVSs 
AVpop 
P47/AIN7 
P46/AIN6 
P45/AIN5 


P/D/TOINA/P30 
A15/P17 
A14/P16 
A13/P15 
A12/P14 
A11/P13 
A10/P12 

AQ/P11 
A8/P10 
AQ/D0/P00 
A1/01/P01 
A2/02/P02 


P43/AIN3 

P42/AIN2 

P41/AINI 

P40/AINO 
P27/RRDYS _ 
P26/INT3/RS1B5/P/D 
P25/WRRDY5 
P24/INT1/WRSTB5 
P23/SD0 
P22/INT2/SCK 
P21/so1/P/D 
P20/NMI 


STS0E30 


ST90T30 


LS} 
N 
LS] 
iS] 
/P77 
te 
oO 
~ 
o 
hod 
> 
N 
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Figure 3. ST90E3X Block Diagram 
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GENERAL DESCRIPTION 


The ST90E30, ST90E31, ST90T30 and ST90T31 
(following mentioned as ST90E3X) are EPROM 
members of the ST9 family of microcontrollers, in 
windowed ceramic (E) and plastic OTP (T) pack- 
ages respectively, completely developed and pro- 
duced by SGS-THOMSON Microelectronics using 
a proprietary n-well HCMOS process. 


The EPROM parts are fully compatible with their 
ROM versions and this datasheet will thus provide 
only information specific to the EPROM based de- 
vices. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST9030 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


The EPROM ST90E3X may be used for the proto- 
typing and pre-production phases of development, 
and can be configured as: standalone microcontrol- 
lers with 8K bytes of on-chip ROM, microcontrollers 
able to manage up to bytes of external memory, or 
as parallel processing elements in a system with 
other processors and peripheral controllers. 


A key point of the ST90E3X architecture is related 
to its modular approach which allows software com- 
monality with all other members of the ST9 family. 


The nucleus of the modular design of the ST90E3X 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-BUS, I?C Bus and 
IM BUS Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST9O0E3X 
with up to 56 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to seven 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing, status signals, an 
address/data bus for interfacing external memory, 
timer inputs and outputs, analog inputs, external 
interrupts and serial or parallel I/O with or without 
handshake. 


Three memory spaces are available: Program Mem- 
ory (internal and external), Data Memory (external) 
and the Register File, which includes the control and 
status registers of the on-chip peripherals. 


Two 16 bit MultiFunction Timers, each with an 8 bit 
Prescaler and 13 operating modes allow simple use 
for complex waveform generation and measure- 
ment, PWM functions and many other system tim- 
ing functions by the usage of the two associated 
DMA channels for each timer. 


ST90E30,90E31 - ST90T30,90T31 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11s 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS indi- 
cates that address, Read/Write (R/W), and Data 
Memory signals are valid for program or data mem- 
ory transfers. Under program control, AS can be 
placed in a high-impedance state along with Port 0 
and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a write 
cycle, data out is valid at the leading edge of DS. 
During a read cycle, Data In must be valid prior to 
the trailing edge of DS. When the ST90E8X ac- 
cesses on-chip memory, DS is held high during the 
whole memory cycle. It can be placed in_a high 
mee cance state along with Port 0, Port 1, AS and 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for external 
memory transactions. R/W is low when writing to 
external program or data memory, and high for all 
other transactions. It can be placed in_a high imped- 
ance state along with Port 0, Port 1, AS and DS. 


RESET/Vpp. Reset (input, active low) orVpp (input). ~ 


The ST9 is initialised by the Reset signal. With the 
deactivation of RESET, program execution begins 
from the Program memory location pointed to by the 
vector contained in program memory locations O0Oh 
and Oth. In the EPROM programming Mode, this 
pin acts as the programming voltage input Vpp. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Converter. 
AVss. Analog Vss of the Analog to Digital Converter. 
Vpp. Main Power Supply Voltage (5V + 10%). 

Vss. Digital Circuit Ground. 
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PIN DESCRIPTION (Continued) I/O Port Alternate Functions. Each pin of the I/O 


ports of the ST90E3X may assume Alternative 
P00-P07, P10-P17, P20-P27, P30-P37, P40-P47, Functions as shown in the Pin Configuration Draw- 


P50-P57, P70-P77. I/O Port Lines (Input/Output, inas. Due to Bondina options for the packages 
TTL or CMOS compatible). 8 lines grouped into VO Sane functions may rol oe present, Table 1 shows 
ports of 8 bits, bit programmable under program —_—the Functions allocated to the I/O port pins and a 


control as general purpose I/O oras Alternate Func- — summary of packages for which they are available. 
tions (see next section). 


Table 1. ST90E3X I/O Port Alternate Function Summary 


| 
er] Name | Function Alternate Function 

| Poo © | AODO 1/0 Address/Data bit 0 mux 24 14 
Address/Data bit 1 mux 25 5 
Address/Data bit 2 mux 26 16 

/O Address/Data bit 3 mux 7 17 
Address/Data bit 4 mux 18 
Address/Data bit 5 mux 9 ) 

| Poe =| AB/DE V/O Address/Data bit 6 mux 30 20 
Address/Data bit 7 mux 3 2 


nN 
ww 


Address bit 8 

Address bit 9 

Address bit 10 

Address bit 11 

Address bit 12 

Address bit 13 

Address bit 14 

Address bit 15 
Non-Maskable Interrupt 
Program/Data Space Select 
SPI Serial Data Out 
External Interrupt 2 

SPI Serial Clock 

SPI Serial Data In 

External Interrupt 1 
Handshake Write Strobe P5 
Handshake Write Ready P5 
External Interrupt 3 
Handshake Read Strobe P5 
Program/Data Space Select 
Handshake Read Ready P5 
MF Timer 0 Input A 
Program/Data Space Select 
MF Timer 0 Output A 


NO 
No 


P1.1 


NM | MO 
oO 


co 


ai 
i) 


| 
NTI 
WRSTB5 
| P25 | WRRDYS5 
INTS 
RDSTB5 
P/D 
RDRDY5 
D 


© 


~] 


= 
rs 


A 
N 
p 
S 
| 


is 
is 
6 
© 


— 


NR 
OT 
oo 


aN 
Oo 
© 


BAN 
o> 
Go 
nN 


NT2 


Be 
oO) 
ie) 
ine] 


Aw 
“J 


ae on ee ee ee ee ho 7 PhO | PO 


A 
A 
A 
A 
A 
S) 
S 


8 
9 
10 
11 
13 
15 
MI 
DI 
CK 
DO 


Go 
id) 


BS 
vo) 
ice) 
B 


_ O1 a | oa OO —_ 


A 
© 
ee) 
aS 


i 
co 
ol 


ol 
io) 
ol 


ol 
G) 
Oo) 


Pi 


a 
o1 
=e 
Po 


ol 
ae) 


as 


4/21 
——————————— Bf Bolin 
190 


ST90E30,90E31 - ST90T30,90T31 


PIN DESCRIPTION (Continued) 
Table 1. ST90E3X I/O Port Alternate Function Summary (Continued) 


por bit PORT | Pin Assignment | | Pin Assignment | 
Alternate Function . 90E30 | 90E31 


p32 | TONB | || MFTimerOinputB CST tC 
fas | Tooure {|__| we TimeroOup8 ie | 8 
P34 | TUNA | ot] MF TimertinputA 
|P35 | TIOUTA, | Os] MF Timer OutputA 
1M timer put 
| O- | MFTimertOutputB 
| tt | ADAnaloginputO 
| tA Analoginput1 
| tL ADAnaloginput2 
| tL ADAnaloginput3 
|| ADAnaloginput4 
pt | ADAnaloginputS 
| tt | AD Analoginput6 
|| ADAnaloginptt?7 
| VO | WOHandshakePotS5 
| VO | WOHandshakePot5 
| VO | WOHandshakePortS 
| VO | VO Handshake Port 5 

| VO | VOHandshakePortS 
| WO | VOHandshakePortS 
ae I/O Handshake Port 5 
| vO 
ee ae 
a a 
ae ae 
hae) 
f= Ore 
ae es 
Ee 4 
pips zie 
ae 
f= 308 | 5! 
Sao 
=O 
La 
edt oe 
EE Oe 
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MEMORY 


The memory of the ST90E3xX is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The two 
memory spaces are separated by function, one 
space for Program code, the other for Data. The 
ST90E3X 8K bytes of on-chip EPROM memory is 
selected at memory addresses 0 through 1FFFh 
(hexadecimal) in the Program Space, while the 
ST90T30 OTP version has the top 64 bytes of the 
program space reserved by SGS-THOMSON for 
testing purposes. 


External memory may be addressed using the 
multiplexed address and data buses (Alternate 


Figure 4. Memory Spaces 


RESERVED 
FOR 
ST9OTSX 


VECTOR TABLE 


INTERNAL EXTERNAL 


PROGRAM SPACE 


REGISTER FILE 


Functions of Port 0 and Port 1). At addresses 
greater than the first 8K of program space, the 
ST9O0ES3X executes external memory cycles for in- 
struction fetches. Data Memory may be decoded 
externally by using the P/D Alternate Function out- 
put. The on-chip general purpose (GP) Registers 
may be used as RAM memory for minimum chip 
count systems. 


EPROM PROGRAMMING 


The 8192 bytes of EPROM memory of the ST90E30 
and ST90E31 (8128 for the ST90T3X) may be 
programmed by using the EPROM Programming 
Boards (EPB) available from SGS-THOMSON. 


GENERAL 
PURPOSE 
REGISTERS 


EXTERNAL 
DATA SPACE 
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ABSOLUTE MAXIMUM RATINGS 


[Smit [om e 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
peters. ae of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
evice reliability. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 

ee 
a 
0 
[Tosce | Enna Osaitorreweny Sd 
[tesor | itera Oscar Freneney «YY | 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta =— 40 °C to + 85°C, unless otherwise specified) 
Value 


Symbol Parameter 


Input High Level 


Test Conditions 


Input Low Level 


| vies [Resetinputtigntevel || . 
| vans _[ResetinputLowLeel | | 0 || 08 Von | 
| vivas [Resetinputtysteresis | 

Yoo -0.8 


i 
VoL Output Low Level Push Pull or Open Drain, 
lload =— 1.6mA 0.4 
IWPU Weak Pull-up Current Bidirectional Weak Pull-up, 
VoL = OV 


Ay7 BSctomone 


Ee 
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ST90E30,90E31 - ST90T30,90T31 


DC ELECTRICAL CHARACTERISTICS (continued) 


IAPU Active Pull-up Current, Vin < 0.8V — 200 — 420 
for INTO and INT7 ae ae 


| ILKIo I/O Pin |/OPinInputLeakage Leakage  input/Tri-State, OV < VIN < VoD ri-State, OV < Vin < Vpp 


ILKAD A/D Pin Input Leakage Alternate Function, 
Open Drain, OV < Vin < Vop —3 +3 


i Run Mode Current 24MHz, Note 1 ae 


Prescale by 2 
WEI Mode Current ea 
[awines «dT Sides | 
| thar [HALT Mode Current | 2antHiz,Note? ||| t00 | A 
| Ver _|EPROMProgramming Voltage | | tz | ts | tae | 
a a 


Note: 1. All I/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square 
wave external clock. No peripheral working. External interface not active (Internal Program Execution). 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 
PUSH—PULL OUTPUT 
~ TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH—PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1,5mA 


VA00117 
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ST90E30,90E31 - ST90T30,90T31 


AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vpp = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified 


) 
Symbol Parameter 


ae eel OSCIN Clock Period ime ee 
eee a | 
jte,nc if osoinriseandfantime | ft 
12 


a 
Cp ee eee 
a ae 


Notes: 
a. Clock divided by 2 internally (MODER.DIV2=1) 
b. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vin =0.8V pp 


Vit =0.2V pp 
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EXTERNAL BUS TIMING TABLE (Vpp = 5V + 10%, Ta = — 40 °C to + 85 °C, Cload = 50pF, INTCLK = 
12MHz, unless otherwise specified) 


Value (Note) 


Earameler OSCIN Divided OSCIN Not Divided 
By 2 By 2 
) 


before AS T 
5 [ame atessReetOST fp 
a 
Ts [T2058 (OR [BS Ye Oa Dofus [ipo UveW) a 


— 
(=) 
ol 


a) = a NM | Ph ~“ ie) nN nN 
(Fe) Oo id) o;f fo) ol Ol © 


TdDS (AS) |DST to AS J Delay TpC -18 TwCL —14 
TsRW (AS) | RAW Set-up Time before AS T | TPC (2P+1) -22 TwCH+PTpC -18 
TdDSR (R/W) |DS T to R/W and Address Not |Tpc -9 TwCL — 
Valid Delay 
TdDW (DSW) ri ae Valid to DS J Delay /Tpc (2P+1) -32 TwCH+PTpC —28 
write 
ThDS (DW) | Data Hold Time after DS T TpC -9 TwCL -5 
(write) ; 
TdA (DR) Address Valid to Data Valid TpC (6P+2W+5)-68 |TwCH+TpC (3P+W+2) -64 
Delay (read) 


( 
TdDS (A)  |DS T to Address Active Delay |Tpc —7 TwCL-3 
5 


ol, Ss 
os MN 4s 


ne) 
el 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
Ps Clock Prescaling Value 

W= Wait Cycles 

TpC = OSCIN Period 

TWCH = High Level OSCIN half period 
TwCL = Low Level OSCIN half period 
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EXTERNAL BUS TIMING 


CPUCLK 


(READ) 


PORTO 
(WRITE) 


DS 
(WRITE) 
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EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Parameter OSCIN Divided OSCIN Not 
By 2 Divided By 2 
esl 


1 AS T to WAIT J Delay 2(P+1)TpC-29 ~—- | (P+1)TpC -29 Peal 40 eee 
TdAS (WAIT) [AST to WAITT Minimum Delay -|2(P4Ws-1)TpC 4 |(P4Ws-1)TpC —4 al 
TdAS (WAIT) [AST to WAIT T Maximum Delay |2(P+W+1)TpC -29 |(P+W+1)TpC -29 i 83W+40 | ons | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 


prescale value and number of wait cycles inserted. 
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of 


zero and zero wait status. 


EXTERNAL WAIT TIMING 


VA00115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta= —40°C to +85°C, Cload = 
SOpF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN Not Divided 
By 2 By 2 
( 


oe ee C+8 CL+12 0 
1 frasn (ack) |SREGJtoBuSAcKL [TPC (ToL 
TpC(6P+2W+7)+65 | TpC(3P+W+3)+TwCL+65 
TdBR (BACK) BREQ T to BUSACK T 3TpC+60 TpC+TwCL+60 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of 
zero and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREOQ 


BUSACK 


MEMINT 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


| Value (Note) | Value (Note) 
Symbol Parameter a ee ane 
Tp 


TwRDY RDRDY, WRRDY Pulse 
Width in One Line Handshake 
TwSTB RDSTB, WRSTB Pulse Width 
TdST (RDY) {RDSTB, or WRSTB 1 
to RDRDY or WRRDY J 
TsPD (RDY) |Port Data to RDRDY T TwCH+(W+P) 
Set-up Time TpC —25 
5 |TsPD (RDY) |Port Data to WRRDY J Set-up 
Time in One Line Handshake 
ThPD (RDY) |Port Data to WRRDY J Hold 
Time in One Line Handshake 
7 |TsPD (STB) |Port Data to WRSTB T 
Set-up Time 
ThPD (STB) |Port Data to WRSTB T 
Hold Time 
TdSTB (PD) |RDSTBD T to Port Data Delay 
Time in Bidirectional Handshake 
10 |TdSTB (PHZ)|RDSTB T to Port High-Z Delay 
Time in Bidirectional Handshake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


ise) 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 
INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN | OSCIN Not tn i 


Divided By | Divided By 
2 Min. 2 Min. 
Low Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 = [TpC412 } 95 | | ns | 
High Level Minimum Pulse Width in Rising Edge Mode 2TpC+12 = | TpC+12 } 95 | | ns | 
| 3) [TWwHF High Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 = |TpC+12 ood ns 
[40 OWE Low Level Minimum Pulse Width in Falling Edge Mode 2TpC+12 TpC+12 ce 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of 


zero and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 


16/21 
| ____________ 47 s$-THomso 
202 


ST90E30,90E31 - ST90T30,90T31 


WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, 
Output Alternate Function set as Push-pull) 


TwWDOL | WDOUT Low Pulse Width ) 620 
TwWDOH | WDOUT High Pulse Width | 620 


TwWDIL WDIN Low Pulse Width 


ee 


WATCHDOG TIMING 
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ST90E30,90E31 - ST90T30,90T31 


SP! TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output Al- 
ternate Function set as Push-pull) 


sail | 


Input Data Set-up Time 100 
Input Data Hold Time 1/2 TpC+100 


SCK to Output Data Valid Be ed 
SCK High Pulse Width 


Note: 1. TpC is the Clock period. 


SPI TIMING 
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PACKAGES MECHANICAL DATA 
Figure 5. 48-Pin Window Dual In Line Ceramic Multilayer (D), 600-Mil Width 


———— 


| 


Figure 6. 68-Lead Window Ceramic Leaded Chip Carrier (L) 


|B |23.87| (24.51 
re 
cd 
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PACKAGES MECHANICAL DATA (continued) 
Figure 7. 48-Pin Dual In Line Plastic (B), 600-Mil Width 


bi {0.23| [0.31 [0.009] __|0.012| 
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ae eee eS Eee 
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Figure 8. 68-Lead Plastic Leaded Chip Carrier (C) 
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ORDERING INFORMATION | 
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= Single chip microcontroller with 256 bytes of 
register file with 224 general purpose registers 
available as RAM, accumulators or index poin- 
ters. 


Romless to allow maximum external memory 
flexibility in development and production phases. 


= 8/16 bit CORE with full feature DMA controller, a 
powerful interrupt handler and a Standard Serial 
Peripheral Interface (SPI) handling S-BUS, 1C- 
bus, IM-bus and Standard Serial Peripheral |In- 
terfaces. 


= Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


= 16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 


Two 16 bit Multifunction Timer modules, each 
with an 8 bit prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 11s conversion time, 
8 bit +1/2 LSB resolution with Analog Watchdog 
on two channels. 


Full function Serial Communications Interface 
with 110 to 375000 baud rate generator, asyn- 
chronous and byte synchronous capability (fully 
programmable format) and address/wake-up bit 
option. 


On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 


Up to six 8 bit I/O ports with programmable input 
thresholds and output characteristics. Alternative 
functions allow the full use of all pins. 


Powerful software development tools, including 
- assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


Compatible with ST9030, 8k ROM devices (also 
available in windowed and One Time Programm- 
able EPROM packages). 


u 68-lead Plastic Leaded Chip Carrier package for 
ST90R30. 


May 1991 


This is advanced information on a new product in development or undergoing evaluation. Details are subject to change without notice. 


ST90R30 


ROMLESS HCMOS MCU 
WITH A/D CONVERTER 


ADVANCE DATA 


PLCC68 


(Ordering Information at the end of the datasheet) 


Figure 1. ST90R30 Pin Configuration 
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GENERAL DESCRIPTION 


The ST90R30 is a ROMLESS member of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectro- 
nics using a proprietary n-well HCMOS process. 


The ROMLESS part may be used for the prototyp- 
ing and pre-production phases of development, 
and offers the maximum in program flexibility in 
production systems. 


The ST90R30 is fully compatible with the ST9030 
ROM version and this datasheet will thus provide 
only information specific to the ROMLESS device. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST9030 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


The ROMLESS ST90R30 can be configured as a 
microcontroller able to manage up to 128K bytes 
of external memory, or as a parallel processing 
element in a system with other processors and 
peripheral controllers. 


Akey point of the ST90R30 architecture is related 
to its modular approach which allows software 
commonality with all other members of the ST9 
family. 

The nucleus of the modular design of the ST90R30 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-BUS, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 


Figure 2. ST90R30 Block Diagram 


A/D 2x16-BiT scl 


TIMER 
CONVERTER WITH DMA WITH OMA 


256 BYTES 
REGISTER FILE 


ciency of the code execution speed of the extensive 
instruction set. 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST90R30 
with up to 48 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to six 8 bit I/O 
Ports and can be configured on a bit basis under 
software control to provide timing and status sig- 
nals, address lines, timer inputs and outputs, 
analog inputs, external interrupts and serial or par- 
allel I/O with or without handshake. 


Three memory spaces are available: Program 
Memory (external), Data Memory (external) and. 
the Register File, which includes the control and 
status registers of the on-chip peripherals. 


Two 16 bit MultiFunction Timers, each with an 8 bit 
Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11ps 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


16—BIT cpu 
TIMER/WDG 


REGISTER BUS 


1/0 
PORT 3 
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PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance state along with 
Port 0 and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. It can be placed in a high 
impedance state along with Port 0, Port 1, AS and 
R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for mem- 
ory transactions. R/W is low when writing to pro- 
gram or data memory, and high for all other 
transactions. It can be placed in a high impedance 
state along with Port 0, Port 1, AS and DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
contained in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 


KY7 Bitoneomoes 


ST90R30 


(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


ADO-AD7, (P0.0-P0.7) Address/Data Lines 
(Input/Output, TTL or CMOS compatible). 8 lines 
providing a multiplexed address and data bus, 
under control of the AS and DS timing signals. 


P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0-P4.7, P5.0- 
P5.7, P7.0-P7.7 //O Port Lines (Input/Output, TTL 
or CMOS compatible). 48 lines grouped into I/O 
ports of 8 bits, bit programmable under program 
control as general purpose I/O or as Alternate 
functions (see next section). 


1/O Port Alternate Functions. 


Each pin of the I/O ports of the ST90R30 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Figure 1.2 shows the Functions allocated to each 
I/O Port pins. 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R30 I/O Port Alternate Function Summary 


1/0 PORT 


Function 


IN/OUT Alternate Function 
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Program/Data Space Select 
Handshake Read Ready P5 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R30 I/O Port Alternate Function Summary (Continued) 


1/0 PORT 


Port.bit 


Tote Alternate Function 


TOOUTA 
TOOUTB 
T1OUTA 
T10UTB 


P5.0 


— 
ol 


MF Timer 0 Input A 


oO 


Program/Data Space Select 


BAS 


MF Timer 0 Output A 
MF Timer 0 Input B 
MF Timer 0 Output B 
MF Timer 1 Input A 
MF Timer 1 Output A 
MF Timer 1 Input B 


hm] @ 


Oo 


MF Timer 1 Output B 


On 
Ne) 


A/D Analog Input 0 


Ol 
Go 


A/D Analog Input 4 


or 
rs 


A/D Analog Input 2 


Oo 
Oo 


— 


A/D Analog Input 3 


A/D Analog Input 4 1 


oO) 


A/D Analog Input 5 


oO 
NJ 


A/D Analog Input 6 
A/D Analog Input 7 


/0 I/O Handshake Port 5 
I/O I/O Handshake Port 5 
/O I/O Handshake Port 5 
/O I/O Handshake Port 5 
/O I/O Handshake Port 5 
/0 I/O Handshake Port 5 


//O I/O Handshake Port 5 


P5.3 
es 
re 


Oo}; 
rw] &w 


/O I/O Handshake Port 5 


tS 
oo 


SCI Serial Input 


in 
ine) 


Oo) 


SCI Serial Output 


i 
oh, 


External Interrupt 4 


ft 
— 


SCI Transmit Clock Input 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R30 I/O Port Alternate Function Summary (Continued) 


1/0 PORT i 
; IN/OUT 
Port.bit 


a 
fers fro [ it (Simeone | 
frrsfroms [tab conenintinge | 
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a a 
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BUSACK External Bus Acknowledge 
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MEMORY 

The memory of the ST90R30 is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The two 
memory spaces are separated by function, one 
space for Program code, the other for Data. The 


MEMORY (Continued) 
Figure 3. Memory Spaces 
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PROGRAM 
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ST90R30 


ST90R30 addresses all program memory in the 
external PROGRAM space. 


The Memory spaces are addressed using the multi- 
plexed address and data buses on Ports 0 and 1. 
Data Memory may be decoded externally by using 
the P/D Alternate Function output. The on-chip 
general purpose (GP) Registers may be used as 
RAM memory. 


INTERNAL EXTERNAL 


DATA 
SPACE VROB1404 
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ABSOLUTE MAXIMUM RATINGS 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
pe operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
evice reliability. 


RECOMMENDED OPERATING CONDITIONS 


a 


DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5V + 10% Ta = — 40 °C to + 85°C, unless otherwise specified) 


Parameter one 
pm [ye | Max 
[Vox [tema ihe |EeralGaek ———*[ 7 vee | _|Vooxaa| V_ 
[veox [Ocrnttowtewt —[Etemai@ack + -08 |_| ave | V_ 
Tm SC*d CR 


Vin Input High Level 


Input Low Level 


CMOS 
Vi Rewari’ | 
ine [petit [a 
tom [peta [a 
Push Pull, lload = — 0.8mA 


Push Pull or Open Drain, 
Output Low Level load 2 =4.6mA . — 
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Test Conditions 


ST90R30 


DC ELECTRICAL CHARACTERISTICS (continued) 


Weak Pull-up Current eee bce 


Test Conditions 


Active Pull-up Current, 
for INTO and INT7 only Vin < 0.8V 


I/O Pin Input Leakage Input/Tri-State, OV < Vin < Vpp | -to0 | | +10 


Reset Pin Input Leakage OV < Vin < Vpp 


—10 
‘ 
Tvs _[OS6N Priestess [ov<Vacvio ff) +0 [a 


WFI Mode Current 
No 


te: 
1. All VO Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 


PUSH=PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH—PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


VAOOIT7 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vpp = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


OSCIN Clock Period 


Eel TrC, TIC OSCIN Rise and Fall Time 


1 
3 
fe) 


Notes: 
1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 


Value (Note) 


Symbol Parameter OSCIN Divided OSCIN Not Divided 
By 2 By 2 
Address Set-up Time = = 
(AS) before AST TpC (2P+1) -22 TWCH+PTpC —18 


AS T to Data Available (read) |TpC (4P+2W+4) -52  |TpC (2P+W+2) —51 
16 


| 


a 
> 


= 


dAS (D 
wAS 


R) 


' 


) 
dAz (DS) 


A ee 
ae 

Slow Pulse With [ToC (@P+t)-7 ___[TwoHPTpC-3 | 35 | 
AddressFoattoDSt fo SSO SCCC~d OY 
: i 
a 


7 


hDR (DS 


wDSR _—|DS Low Pulse Width (read) |TpC (4P+2W+3)-20 [TWOH+TpO (2P+W+1) 
idth ( 
{ 


AS 
) 
) 
wDSW DS Low Pulse Width (write) |TpC (2P+2W+2)-13 |TpC (P+W+1) -13 
(read) 
ay 
S 


= 
j=) 


: 


dDSR (DR) ae Data Valid Delay TpC (4P+2W-3) -50 TwCHsTpCiaPsWet) - a 75 
y [DatatoDSTHodTimefeadfo——dSCSC*«idC TC 
dDS (A) {DS T to Address Active Delay|TpC -7 TwCL -3 

1 |TdDS (AS) , [DS T to AS J Delay TpC -18 TwCL -14 | 24] | 
2 |TsR/W (AS) |R/W Set-up Time before AST |TpC (2P+1) -22 TwCH+PTpC —18 | 20 | =| ns | 


dDSR (RMN Valid boay eS |TRC 2 iia p93 | | ns | 
Write Data Valid to DS J 

’ Daley (wate) TpC (2P+1) -32 TwCH+PTpC -28 p10] | ns | 

15 |ThDS (DW) cate Time after DS T TpC -9 TwCL 5 fas | | ns | 

16 |TdA (DR) Aer to Data Valid TpC (6P+2W45) -68 ECE TEe (3P-+W+2) | | 140] ns 


7 |TdAs (DS) {AST to DS J Delay TpC -18 TwCL -14 | 24 | | ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


oh 


13 


af a {oi 
Q. 
Ss) 
= 


G 
) 
= 


— 


ss 
- &]_ oO] Pp 


| 


Legend: TpC =OSCIN Period 
P  =Clock Prescaling Value TwCH = High Level OSCIN half period 
W_ = Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) | Unit | 


Symbol Parameter OSCIN Divided OSCIN Not 
By 2 Divided By 2 


TdAS (WAIT) |AS T to WAIT J Delay 2(P+1)TpC-29 {(P+1)TpC-29 | | 40 | ns | 
TdAS (WAIT) [AS T to WAIT T Minimum Delay [2(P+W+1)TpC -4 |(P+W+1)TpC-4 | 80 | =} ns | 


TEAS (WAIT) [AS to WAIT T Maximum Delay [30 *W#1)TPC— | (p,wat)Tpc 29 a 83W+40 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


6S 
(READ) 


PORTO 
(WRITE) 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VAOO115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


‘Value (Note) 
Syne! earameley OSCIN Divided | OSCIN Not Divided 
By 2 By 2 
tp TwCL+12 
1 |TdBR(BACK) |BREQ J to BUSACK 1 50 | 
TpC(6P+2W+7)+65 |TpC(3P+W+3)4TwCL+65 fe 
TdBR (BACK) |BREQT to BUSACKT |3TpC+60 TpC+TwCL+60 | | 185 | ns | 


y 
) 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


BUSREQ 


BUSACK 


MEMINT 


VA0O1IT4 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to 485°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter Tne rail OSCIN By ee 


RDRDY, WRRDY Pulse D p 
1 |TwRDY Width in One Line 65 ns 
Handshake (P+W+1) —18 
(TpC- 
) [RDSTB, or WRSTB T 
For Data to RDRDY T (2P+2W+1) TwCH+(W+P 
Port Data to WRRDY J Set- 
5 |TsPD (RDY) |up Time in One Line 43 43 43 
Handshake 
) [Port Data to WRRDY J Hold 
Port Data to WRSTB T 
al $78) [SStptine 2 
a sve) fsdtme sm p= {| je| fo 


RDSTBD T to Port Data 
TdSTB (PD) |Delay Time in Bidirectional 
TdSTB 


Handshake 
RDSTB fT to Port High-Z 
Delay Time in Bidirectional 
Handshake 
Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VAO0115 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta = -40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter 


Divided 


7 eth [iow ian ase Wahine Bape [aoe | Toowe | w= |_| we 
[2 [vei |e tinninon Ras whinge ow | aCe | ToOwe | 6 |_| 
[3 [vir |Hentotnninun ase waning apenas | esowe | Trove | 6 [ | ws 
[a vir [lower Pie Wain Fag pe ese | eT=te | Tote [66 |_| we 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vop = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =1 2MHz, 
Output Alternate Function set as Push-pull) 


Symbol Parameter 


| 4 | TwWDOL | | WDOUT Low Pulse Width = Low Pulse Width ae 
a a ee 
a wor [wont rasewian | aso | 
[eo wow ie wan [99 


WATCHDOG TIMING 


VA00110 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = 40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 
Alternate Function set as Push-pull) 


Symbol Parameter 


Min 
(2 frsor ——facrwomenoewae 
| 6 |TwSKH SCK High Pulse Width 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 57. 68-Lead Plastic Leaded Chip Carrier 


ms uP [me 
A [e502] |2527|0.965]—[o.05| 
[a |eata[|24as [0960] [0968 
| 420) | 508 Jo.re5] — |o.200 


ORDERING INFORMATION 


ST90R30C6 24MHz -40°C to +85°C PLCC68 
ST90R30C1 24 MHz 0°C to +70°C PLCC68 
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ST9036 


16K ROM HCMOS MCU WITH EEPROM 


Single chip microcontroller with 16K bytes of 
ROM, 256 bytes of RAM and 256 bytes of register 
file with 224 general purpose registers available 
as RAM, accumulators or index pointers. 


On-chip programmable security protection 
against external reading of internal memory. 


8/16 bit CORE with full feature DMA controller, a 
powertul interrupt handler and a Standard Sefial 
Peripheral Interface (SPI) handling S-bus, I*C- 
bus, IM-bus and Standard Serial Peripheral In- 
terfaces. 


Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. . 
Two 16 bit Multifunction Timer modules, each 
with an 8 bit prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 111s conversion time, 
8 bit +1/2 LSB resolution with Analog Watchdog 
on two channels. 


Full function Serial Communications Interface 
with 110 to 375,000 baud rate generator, asyn- 
chronous and byte synchronous capability (fully 
programmable format) and address/wake-up bit 
option. 

On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 


Up to seven 8 bit I/O ports with programmable 
input thresholds and output characteristics. Alter- 
native functions allow the full use of all pins. 


Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 

68-lead Plastic Leaded Chip Carrier package for 
ST9036C6. 

80-pin Plastic Quad Flat Pack package for 
ST9036Q6 


May 1991 


PLCC68 


PQFP80 


(Ordering Information at the end of the datasheet) 
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Figure 1. ST9036 Pin Configuration 
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/P76 O 
/P75 G 
SOUT/P71 C 
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Figure 2. ST9036 Pin Configuration 
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Figure 3. ST9036 Block Diagram 
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GENERAL DESCRIPTION 


The ST9036 is a ROM member of the ST9 family 
of microcontrollers, completely developed and pro- 
duced by SGS-THOMSON Microelectronics using 
a proprietary n-well HCMOS process. 


The ROM device is fully compatible with the 
EPROM version (ST90E40), which may be used 
for the prototyping and pre-production phases of 
development, and can be configured as: a standa- 
lone microcontroller with 16K bytes of on-chip 
ROM, a microcontroller able to manage up to 112K 
bytes of external memory, or as a parallel process- 
ing element in a system with other processors and 
peripheral controllers. 


Akey point of the ST9036 architecture is its modu- 
lar approach which allows software commonality 
with all other members of the ST9 family. 


The nucleus of the modular design of the ST9036 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST9036 
with up to 56 1/O lines dedicated to digital Input/Out- 
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put. These lines are grouped into up to seven 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
an address/data bus for interfacing external mem- 
ory, timer inputs and outputs, analog inputs, exter- 
nal interrupts and serial or parallel 1/O with or 
without handshake. 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (internal and external), Data Memory (in- 
ternal and external) and the Register File, which 
includes the control and status registers of the 
on-chip peripherals. 


Two 16 bit MultiFunction Timers, each with an 8 bit 
Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11p1s 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375,000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 
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PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance state along with 


Port 0 and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST9036 ac- 
cesses on-chip memory, DS is held high during the 
whole memory cycle. It can be placed in a high 
impedance state along with Port 0, Port 1, AS and 
R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. It can be placed in_a high 
impedance state along with Port 0, Port 1, AS and 
DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
contained in program memory locations 00h and 
Oth. 
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OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vop of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0- 
P4.7, P5.0-P5.7, P7.0-P7.7 1/O Port Lines 
(Input/Output, TTL or CMOS compatible). 8 lines 
grouped into I/O ports of 8 bits, bit programmable 
under program control as general purpose |/O or 
as Alternate functions (see next section). 


1/O Port Alternate Functions. 


Each pin of the I/O ports of the ST9030 and ST9031 
may assume software programmable Alternative 
Functions as shown in the Pin Configuration Draw-__. 
ings. Due to Bonding options for the packages, 
some functions may not be present, figure 1.2 
shows the Functions allocated to each I/O Port pins 
and a summary of packages for which they are 
available. 
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PIN DESCRIPTION (Continued) 


Table 1. ST9040 I/O Port Alternate Function Summary 


Pin 


Alternate Function Assignment 
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PIN DESCRIPTION (Continued) 
Table 1. ST9040 I/O Port Alternate Function Summary (Continued) 


Pin 


Alternate Function Assignment 
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ST9036 CORE 


The Core or Central Processing Unit (CPU) of the 
ST9036 includes the 8 bit Arithmetic Logic Unit and 
the 16 bit Program Counter, System and User Stack 
Pointers. The microcoded Instruction Set is highly 
optimised for both byte (8 bit) and word (16 bit) data, 
BCD and Boolean data types, with 14 addressing 
modes. Two 8 bit I/O ports are connected to the 
Core module for external memory interfacing, while 
a 16 bit Timer/Watchdog gives system security and 
timing functions, and a Serial Peripheral Interface 
allows for synchronous communication. Three inde- 
. pendent buses are controlled by the Core, a 16 bit 
Memory bus, an 8 bit Register addressing bus and 
a 6 bit Interrupt/DMA bus connected to the interrupt 
and DMA controllers in the on-chip peripherals and 
the Core. This multiple bus architecture allows a 
high degree of pipelining and parallel operation 
within the ST9036, giving it its efficiency in both 
numerical calculations and communication with the 
on-chip peripherals. 


Figure 4. Memory Spaces 
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The memory of the ST9036 is functionally divided 
into two areas, the Register File and Memory. The 
Memory is divided into two spaces, each having a 
maximum of 65,536 bytes. The two memory spaces 
are separated by function, one space for Program 
code, the other for Data. The ST9036 16K bytes of 
on-chip ROM memory are selected at memory ad- 
dresses 0 through 3FFFh (hexadecimal) in the 
PROGRAM space and the 256 bytes of on-chip 
RAM memory is selected at memory addresses 
200h through 2FFh in the DATA space. 


Off-chip memory, addressed using the multiplexed 
address and data buses (Ports 0 and 1) may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function, allowing a 
full 128K byte memory. The memory spaces are 
selected by the execution of the SDM and SPM 
instructions (Set Data Memory and Set Program 
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MEMORY (Continued) 


Memory, respectively). There is no need to use 
either of these instructions again until the memory 
area required is to be changed. This requirement 
is not necessary in two cases: first, when operating 
with external stacks (the Data memory is automat- 
ically selected) and, secondly, when using the 
memory indirect to memory indirect post-increment 
addressing mode (the memory types are specified 
in the instructions: LDPP, LDPD, LDDP, LDDD). 


Either the Data Memory or the Program Memory 
can be addressed using any of the memory ad- 
dressing modes. 


Program Space 


The Program memory space of the ST9036, from 
the 16K bytes of on-chip ROM memory to the full 
64K bytes with off-chip memory expansion is fully 
available to the user. At addresses greater than the 
first 16K of program space, the ST9036 executes 
external memory cycles for instruction fetches. The 
first 256 memory locations from address 0 to OFFh 
(hexadecimal) hold the Reset Vector, the Top-Level 
(Pseudo Non-Maskable) interrupt, the Divide by 
Zero Trap vector and, optionally, the interrupt vec- 


Figure 5. Memory Map 
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tor table for use with the on-chip peripherals and the 
external interrupt sources. Each vector is con- 
tained in two consecutive byte locations, the high 
order address held in the lower (even) byte, the low 
order address held in the upper (odd) byte, forming 
the address which is loaded into the Program 
Counter when selected by the interrupt vector pro- 
vided by the interrupt source. This should point to 
the relevant Interrupt Service routine provided by 
the user for immediate response to the interrupt. 


Data Space 


The ST9036 addresses the 256 bytes of on-chip 
RAM memory in the Data Space from addresses 
512 to 768 (200h to 2FFh). It may also address up 
to 65,280 locations of External Data through the 
External Memory Interface when decoded with the 
P/D pin. The on-chip general purpose Registers 
may be used as additional RAM memory for mini- 
mum chip count systems. 


The Data Space is selected by the execution of the 
SDM instruction. All subsequent memory references 
will access the Data Space. When a separate Data 
Space is not required, data may stored in external 
RAM or ROM memory within the Program Space. 
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MEMORY (Continued) 


ROMless Option 


In the event of a program revision being required 
after the development of a ROM-based ST9036, a 
mask option is available which enables the recon- 
figuration of the memory spaces to give a fully 
ROMless device. This means that the on-chip pro- 
gram ROM is disabled and ALL PROGRAM mem- 
ory is seen as external, allowing the use of 
replacement program code in external ROM mem- 
ory. The on-chip RAM memory in DATA space is not 
affected. 


To give the ROMless function (when enabled by the 
MASK option), the enabled pin, marked ROMless 
as an Alternate Function, should be held to ground 
(Vss) with a high resistance (eg 100k ohm) during 
the RESET cycle. The pin status is latched on the 
rising edge of the RESET input. After this time, the 
pin is free for normal operation. 


If the ROMless option is enabled, and the on-chip 
program is to be used, the pin enabled for the 
ROMless function must to held to a high potential 
during the RESET cycle (eg with a 100k ohm resis- 
tor to Vpp). 


Figure 6. ROMless Selection 
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REGISTERS 


The ST9036 Register File consists of 240 registers 
(224 general purpose) plus pages of 16 registers 
supporting the configuration and control registers 
for the on-chip peripherals. The 224 general pur- 
pose registers all have 8 and 16 bit arithmetic 
capability and may be used as accumulators, on- 
chip RAM, internal Stack areas (for system and/or 
user stacks), or, with the appropriate addressing 
modes, as index, offset or stack pointers. 


The register file is arranged into 16 groups of 16 
registers, where the general purpose registers oc- 
cupy the first 14 groups. The 15th group, E, contains 
the system registers and Group F contains the pages 
of the on-chip peripheral control registers. 


Group F is paged in this manner due to the modu- 
larity of the ST9 family of microcontrollers. Each 
member of the family retains all general purpose 
and system registers, only the paged register 
groups changing owing to the different on-chip 
peripheral organizations of each device. The user 
can therefore generate code libraries which use the 
general purpose registers knowing that they will not 
be lost on future ST9 devices. To address a paged 


Table 2. Group E Register Map 


System Stack Pointer Low (SSPLR) 
System Stack Pointer High (SSPHR) 
User Stack Pointer Low (USPLR) 
User Stack Pointer High (USPHR) 
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Central Interrupts Control (CICR) 
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REGISTERS (Continued) 
Figure 7. Register Grouping 
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register, the Page Pointer (PPR, R234) within the 
system register group must be loaded with the 
relevant page number using the SPP instruction. 
Subsequently any access to registers in the top 
group (R240-R255) will refer to the selected page. 
This remains set until the next change to the Page 
Pointer register (by the SPP instruction). 


The System group (Group E, registers REO to REF) 
includes the system and user stack pointers, the 
Mode register, the ALU FLAG register and the Page 
pointer register. In addition the data registers for 
the first 6 I/O ports are present, the configuration 
registers for the ports being in the paged area. This 
athe the immediate access to these I/O ports at 
all times. 


The Register Pointers, present in the system reg- 
ister group, select groups of registers as "Working 
Registers", which have faster addressing modes 
than direct Register addressing and allows smaller 


Figure 8. Page Pointer Mechanism 
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code size. The Register Pointers may either be 
used singly, creating a register group as 16 working 
registers, or as two independent groups of 8 work- 
ing registers which may be placed at any 8 register 
boundary within the register file. The single and 
twin working register modes are automatically set 
by hardware when the respective SRP and either 
SRPO or SRP 1 instructions are executed. If working 
registers are used as accumulators and RAM loca- 
tions for particular tasks, fast context switching on 
interrupts may be achieved by setting the register 
pointer to another group for the Interrupt Service 
Routine, ISR, (e.g. saving the Register pointer on 
the stack), using the new group in the ISR and 
subsequently restoring the original group before 
the return from Interrupt instruction. Working reg- 
isters also allow the use of the ABAR - Any Bit-Any 
Register Boolean operations (including directly on 
the I/O port data registers). 
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REGISTERS (Continued) 


Inthe ST9 syntax, directly addressed Registers are 
indicated with a capital R e.g. RO, R224, RBF, with 
Register Pairs (16 bit accumulators or memory 
pointers) as RRO, RR24. When using Working 
Registers, groups of 16 registers (SRP instruction) 
are denoted as r0 to r15 (rrO to rr14), while the dual 
working register group are addressed as r0 to r7 
(rrO to rr6), for the first group of 8 registers (SRPO), 
with r8 to r15 (rr8 to rr15) for the second set (SRP 1). 


Figure 9. ST9036 Group F Peripheral Organisation 
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Working register addressing requires a 4 bit field 
within the instruction. When packed into a byte, the 
upper nibble is set to Dh (1101b), this being the 
escape code to indicate the use of the working 
registers. As aresult, group D CANNOT be selected 
with direct register addressing, it is recommended 
that this group be used as internal stacking area 
when using register file based system or user stack 
pointers. 
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REGISTERS (Continued) 


Figure 10. Single Working Register Bank 
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STACK POINTERS 


There are two separate, double register stack poin- 
ters available (System and User), both of which can 
operate in register or Data memory address 
spaces. These operate in a Pre-Decrement mode 
when data is PUSHed onto the Stack and ina 
Post-Increment mode when data is PoPed from the 
stack. 


The SYSTEM Stack Pointer (SSPR, R238:R239) 
is used for the storage of temporarily suspended 
system and/or control registers (ie the the Program 
Counter and FLAG register) while interrupts are 
being serviced, and is used for the storage of the 
Program Counter following the CALLing of a sub- 
routine. 


The USER Stack Pointer (USPR, R236:R237) is 
completely free from all interference from automat- 
ic operations and so provides for a totally user 
controlled stack area. 
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Figure 11. Dual Working Register Banks 
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Both Stack pointers may operate with both byte 
(PUSH,POP) and word (PUSHW,POPW) data, and are 
differentiated by appending a "U" to the instruction 
mnemonic for the User Stack (PUSHU/PUSHUW, 
POPU/POPUNW). 


When the Stack Pointers are using RAM Memory 
as the stack areas, a full word register is used as 
the pointer, while when operating with the stack 
area within the Register File (Groups 0 to 14 only, 
but not the within the system and paged groups) 
only an 8 bit register is required for addressing and 
consequently only the low byte of the word regis- 
ters are used (R239 for the System Stack and R237 
for the User Stack). In this latter case the upper byte 
of the stack pointer registers (R238 and R236) 
must be considered as reserved. The Stack Poin- 
ters may be selected to point to RAM or Register 
File by the setting of the SSP (MODER.7) and USP 
(MODER.6) of the ST9036 configuration register 
(MODER, R235) where a "1" denotes Register file 
operation (Default at Reset) and "0" causes Data 
space operation. 
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STACK POINTERS (Continued) 


Figure 12. Internal Stack Pointer 
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INTERRUPTS 


The ST9036 offers a powerful solution to the re- 
sponse requirements of real-time systems with its 
advanced interrupt structure. Interrupt trigger sour- 
ces can be prioritized within 8 levels to match the 
priorities assigned to the application. In addition a 
top-level or non-maskable interrupt is available. 


The ST9036 interrupts follow the logical flow of 
figure 14. 


Interrupt events (selectable with each function) 
cause the setting of the Interrupt Pending (IP) bit 
within the status register of the peripheral. This bit 
may also be set by software in order to generate a 
software interrupt, and should normally be reset by 
software within the interrupt service routine. If the 
interrupt is not Masked with the corresponding 
Interrupt Mask bit, the interrupt is passed to the 
central interrupt control logic where the priority level 
assigned by the programmer to the interrupt source 
is compared with the priority level of the core (user 
programmed dynamically in the 3 bits of the Central 
Priority register (CPL, CICR.0-2, Level 7 is the 
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lowest priority and level 0 the highest). If the incom- 
ing priority level is higher than the CPL, and Global 
Interrupts are enabled (by the ET instruction, inter- 
rupts are disabled by the execution of the DI 
instruction), the interrupt is acknowledged. If inter- 
rupts are globally disabled, the priority level of the 
source is lower than or equal to the CPL or the 
Interrupt is masked, then the IP bit remains set and 
the interrupt is held pending until the EI instruction 
is executed, the CPLis set to a lower level AND the 
interrupt is un-masked. Alternatively the IP bit of a 
masked interrupt Source may be used in a polled 
interrupt environment, with the IP bit being reset by 
software within the service routine. 


The interrupt acknowledge cycle causes the Pro- 
gram Counter and FLAGS register to be pushed 
onto the System Stack (PC low byte first, PC high 
byte, then FLAGS Register) and all maskable inter- 
rupts to be disabled by resetting the IEN bit 
(CICR.4). The peripheral Interrupt Vector, IVR, a 
user programmable feature of the peripheral inter- 
rupt control registers, is used as an offset into the 
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INTERRUPTS (Continued) 


Figure 14. Interrupt Logic 
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vector table, pointing to the high byte (even ad- 
dress) of the 16 bit address which should contain 
the starting address of the interrupt service routine. 
Addresses 0 through 255 of the program space 
comprise the interrupt vector table. Where multiple 
interrupt sources may occur within a peripheral, the 
peripheral interrupt vector source may be encoded 
by hardware set bits within the IVR register. This 
means that the vector address defined in the pe- 
ripheral IVR is the base address for a block of 
vectors servicing that peripheral. The address 
pointed to by the vector is loaded into the Program 
Counter and execution restarts from this point. 


The interrupt service routine should clear the inter- 
rupt pending flag of the interrupt source and take 
the appropriate action. The last instruction of the 
interrupt service routine should be the IRET in- 
struction, the action of this is to restore the Program 
Counter and Flags register to their value prior to 
the interrupt acknowledgment, and to re-enable 
interrupts. Within the interrupt service routine, use 
may be made of the working register pointer mech- 
anism to reduce the context switching time. 
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Two interrupt arbitration modes are available for 
use with the 8 level priority scheme, Nested and 
Concurrent modes. These are selected by the 
status of the IAM bit (CICR.3). 


Concurrent mode, selected when IAM = "0" (the 
reset condition) is the standard interrupt arbitration 
mode, where the arbitration phase of every instruc- 
tion acknowledges interrupts according to their 
priority level (if higher than the CPL) and follows the 
sequence shown above. All pending interrupts 
existing or having eventually occurred during inter- 
rupt service routine execution, remain pending until 
the Enable Interrupt instruction (EI) (even if it is 
executed during the interrupt service routine). EI 
within the interrupt service routine is not recom- 
mended for use with the Concurrent arbitration 
mode as this can trigger a Last In, First Out condi- 
tion where high priority interrupts are masked by 
lower priority interrupts which are all higher than the 
CPL value. 
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Figure 15. Interrupt Vector Table Usage 
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Nested mode, selected when IAM = "1", uses the 
same arbitration phase as concurrent mode, the 
difference being that the CPL is modified during the 
interrupt processing cycle to that of the acknow- 
ledged interrupt level. The CPL value is pushed by 
hardware into the Nested Interrupt Control register 
(NICR, R247 page 0) by setting the NICR bit corre- 
sponding to the CPL value. The interrupt service 
routine is entered in the normal manner. The re- 
vised CPL level is used for arbitration of further 
interrupts, each higher level being saved on the 
NICR stack, and being restored automatically by 
hardware with the IRET instruction. This allows the 
execution of the EI instruction within the interrupt 
service routine to operate the correct nesting of 
interrupts. The two modes are shown graphically in 
figure 15, where the Y axis shows the CPL value. It 
should be noted that in the example INT1 will not 
be acknowledged until the CPL level is pro- 
grammed to a lower level. 


ky 


SGS-THOMSON 
MICROELECTRONICS 


VA00221 


Interrupts coming from on-chip sources at the same 
instant are resolved during the arbitration phase 
according to a hardware daisy-chain. This follows 
the priorities of the table shown in Table 3. 


Table 3. ST9036 Interrupt Hardware Daisy Chain 


INTA 
INTB 
INTC 
INTD 


High Priority 


Lowest Priority 


MFTIMERO 
SCI 
A/D 
MFTIMER1 
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INTERRUPTS (Continued) 


Figure 16. Interrupt Modes Example of Usage 
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External Interrupts. Up to 8 external interrupts are 
available on the ST9036 as alternate function inputs 
of I/O pins. These may be selected to be triggered 
on rising or falling edges and can be independently 
masked. The eight interrupt sources are grouped 
into four pairs or channels which can be assigned 
to independent interrupt priority levels. Within each 


Table 4. External Interrupt Channel Grouping 
External 
Lis INTD1 
INT6 INTDO 
INT5 INTC1 
INT4 INTCO 
pls INTB1 
INT2 INTBO 
aw) INTAt 
INTO INTAO 
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channel the even interrupt number takes the even 
priority level and the odd channel the odd priority 
level (even+1). 


Several of the External Interrupt channels have 
their inputs selectable between the external inter- 
rupt source and on-chip peripheral sources. 


Table 5. ST9040 External Interrupt Source 
Selection 


INTO 
INTA 
Timer/Watchdog . 
End of Count 
INT2 
INTBO 
SPI Interrupt 
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INTERRUPTS (Continued) 


Top Level Interrupt. The Top Level Interrupt.chan- 
nel can be assigned either to the external NMI pin 
or to the Timer/Watchdog output. When selected 
as the external NMI pin, the active edge may be 
programmed to be rising or falling. The TLI event 
will cause the setting of the TLIP bit (CICR.6) and 
according to the mask situation, a Top Level Inter- 
rupt request may be generated. Two masking con- 


Figure 17. Top-Level Interrupt Structure 
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ditions are available, a Maskable Mask and a Not- 
Maskable Mask. 


The Maskable Top Level Interrupt.may be enabled 
or disabled by software and follows the state of the 
Global Interrupt Enable bit IEN (CICR.4), while the 
Not-Maskable Mask bit (TL!, CICR.5) is a set-only 
mask. Once set, the Top Level Interrupt.is active 
independently of JEN and cannot be disabled until 
the next Reset cycle. 
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DMA 


The ST9036 has on-chip DMA channels to provide 
high-speed data transaction between peripherals 
and Memory or Register File. Multi-channel DMAis 
fully supported because each peripheral can have 
its own DMA channel(s). Each DMA channel trans- 
fers data to/from contiguous locations of the Regis- 
ter File, Program Memory or Data Memory. The 
maximum number of transactions that each DMA 
channel can perform is 222 if the Register File is 
selected and 65536 if Program or Data Memory are 
selected. 


DMA transfer to (or from) the Register File takes 8 
INTCLK cycles, DMA transfer to (or from) Memory 
takes 16 INTCLK cycles. If the ST9036 is in the idle 
mode (following the execution of the WFI instruc- 
tion), DMA requests are acknowledged according 
to their priority and control is returned to the idle 
mode pending an interrupt, this operation increases 
the number of INTCLK cycles by 2 for both Register 
File and Memory DMA transactions. 


Figure 18. DMA Between Registers and Peripheral 
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Each DMA channel has its own control registers 


_ located in the page(s) related to the peripheral. 


There are two pointer registers, DAPR which points 
to a register or register pair containing the current 
DMA address to/from which data will be transferred, 
and DCPR, which points to a register or register pair 
which contain the transaction counter for the DMA 
operations. Each DMA transfer consists of three 
operations: 


— A load from/to the peripheral data register to a 
location of Register File (or Memory) addressed 
through the DMA Address Register (or Register 
Pair) 


— A post-increment of the DMA Address Register 
(or Register Pair) 


— A post-decrement of the DMA transaction 
counter, which contains the number of transac- 
tions that have still to be performed. 


END OF BLOCK 
INTERRUPT 
SERVICE ROUTINE 
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DMA (Continued) 


When the transaction counter reaches 0 (all data 
has been transferred) an End of Block Interrupt is 
generated to allow the processing of the DMA data 
block, or, by reloading the Address and counter 
registers and retriggering, a repeated DMA cycle. 


A SWAP mode, allowing continuous DMA oper- 
ation, is available for the Multifunction Timer and is 
described in the section relating to the Multifunction 
Timer. 


Figure 19. DMA Between Memory and Peripheral 
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The ST9036 has DMAchannels associated with the 
Serial Communications Interface Input and Output 
Serial data channels, the 16 bit Load/Capture Reg- 
ister 0, CAPTOR, of each Multifunction Timer allow- 
ing the timing of external signals to be captured into 
a table for off-line analysis or for the automatic 
output of PWM signals of variable width and timing, 
and the 16 bit Comparison Register 0, COMPOR, 
of each Multifunction Timer which can be pro- 
grammed to cause output or input of parallel data 
through the handshake port 5 under DMA. 
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Clock Generation 


The ST9036 Clock Generator module generates 
the internal clock for the ST9 core and the on-chip 
peripherals, it may be driven by an external quartz 
crystal circuit, connected to the OSCIN and OS- 
COUT pins, or by an external pulse generator con- 
nected to OSCIN (figures 20, 22). 


Figure 20. Crystal Oscillator 
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Figure 22. Internal Clock Circuit 
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The conceptual schematic of the ST9 internal clock 
circuit is shown in figure 22. 


The maximum external frequency of the ST9 is 24 
MHz, while the maximum internal operating fre- 
quency is 12 MHz, thus a programmable divide by 
two circuit is present, this allows the use of high 
frequency crystals for economy, or low frequency 
crystals for reduction in radiated noise. This divider 
is active upon exit from the reset condition, the user 
may bypass the divide by two circuit by setting the 
DIV2 bit (MODER.5). The resulting clock from this 


Figure 21. External Oscillator 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


section is named INTCLK, the internal clock which 
drives the timebases of the on-chip clock for the 
ST9036 peripherals (eg the Multifunction Timer, 
Timer/Watchdog, Serial Communications Inter- 
face) and also the input of the CPU prescaler 
section. The CPU of the ST9 includes the instruc- 
tion execution logic and may run at different rates 


Figure 23. CPUCLK Prescaler 
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according to the setting of the PRS2,PRS1 and 
PRSO bits (MODER.4-2) (figure 23). The resulting 
clock is named CPUCLK and it should be noted that 
this does not maintain a 50% duty cycle, but stret- 
ches the high level of the clock until completion. 
The CPUCLK prescaler allows the user to slow 
down the program execution time (eg for lower 
power consumption), while time-critical sections of 
the program may tune the CPUCLK execution 
speed to high speed and then restore it to its 
original speed. 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


Wait States 


The output from the prescaler can also be affected 
by wait states. Wait states from two sources allow 
the user to tailor timing for slow external memories 
or peripherals. The internal Wait State generator 
will insert from 0 to 7 wait states, independently 
programmable for both Program and Data Spaces 
via the Wait Control Register WCR (R252, page 0). 
The second source of wait states is the external 
Wait input pin when enabled as the Alternate Func- 
tion. Fig 24 shows the External Memory Interface 
timing as it relates to CPUCLK prescaling of 2 and 
5 added wait states. The added wait states are 
derived from the INTCLK clock cycle, not CPUCLK. 
Internal memory is always accessed with no Wait 
states. 


Halt and Wait for Interrupt(wr I) States 


The schematic of the on-chip oscillator circuit is 
shown in figure 25. The HALT condition, caused by 
the execution of the HALT instruction, disables the 
oscillator, forcing OSCOUT high. This places the 
ST9036 into the lowest power mode. The exit of the 
HALT condition and the restarting of the oscillator 
requires a RESET pulse with a minimum duration 
of 10ms (figure 26). It must be noted that if the 
TIMER/WATCHDOG has the WATCHDOG mode 
enabled, a HALT instruction will not disable the 
oscillator; this is to avoid stopping the Watchdog if, 
by an error, a HALT instruction is executed. When 
this occurs, the ST9036 runs in an endless loop 
ended by the Watchdog reset. 


Figure 24. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


Figure 25. Oscillator Schematic 
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The Wri (Wait for Interrupt) instruction suspends 
program execution until an interrupt request is ac- 
knowledged. During this period, DMA transactions 
are allowed if their priority is higher or equal to the 
CPL level, the ST9036 returns to WFI mode after 
completion of the DMA transfer. The CPUCLK is 
halted during Wait For Interrupt while INTCLK con- 
tinues to run, thus the power consumption of the 
processor is lowered by the CORE power consump- 
tion value. 


The External Memory Interface lines status during 
HALT and WFI modes is shown in Table 6. 


Table 6. External Memory Interface Line Status 
During WFI and Halt 


PO (ADO-AD7) High Impedance 
P1 (A8-A15) Forced to Address of Next Opcode 


0 
S) 
DS Forced High 


Figure 26. Reset Timing Requirements from Halt State 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


Reset 


The processor Reset overrides all other conditions 
and forces the ST9036 to the reset state. During 
Reset, the internal registers are set to their Reset 
values, as shown in Table 7 for the system and 
Page 0 Registers. The I/O Ports pins are set to the 
Bidirectional Weak Pull-up mode. The programmer 
must then initialize the ST9036 registers to give the 
required functions. 


The Reset condition can be generated from the 
external RESET pin or by the on-chip 
TIMER/WATCHDOG operating in Watchdog 
mode. To guarantee the complete reset of the 
ST9036, the RESET input pin must be held low for 
at minimum of 53 crystal periods in addition to the 


Table 7. System and Page 0 Reset Values 
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Number Reset Value Reset Value 
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crystal start-up period. The Watchdog RESET will 
occur if the Watchdog mode is enabled (WDEN, 
WCR.6, is reset) and if the programmed period has 
elapsed without the code OAAh,55h written to the 
appropriate register. The input pin RESET is not 
driven low by the on-chip reset generated by the 
TIMER/WATCHDOG. 


During the RESET state, DS is held low and AS is 
toggled with the frequency of the crystal (OSCIN) 
divided by 32. This condition may be recognized by 
external peripherals as a Reset condition. It may 
also be used to enable the synchronization of 
multiple ST9036s running from the same clock ina 
multi-processing or high security majority voting 
system. 


Once the Reset pin reaches a logical high, the 
ST9036 fetches the starting address from locations 
0 and 1 of the program space and begins program 
execution from this address after 67 crystal cycles. 
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INTERFACING TO EXTERNAL MEMORY 


External Memory and/or peripherals may be con- 
nected to the ST9036 through its External memory 
interface. This provides the multiplexed Address 
bits AO to A7 and Data bits DO to D7 as Alternative 
Functions of Port 0, and the higher order address 
bits A8 to A15 as Alternative Functions of Port 1, 
giving the full 64K bytes addressing capability. The 
Program/Data (P/D) output, when selected as an 
Alternate function, allows external decoding to pro- 
vide for the two independent pages of 64K bytes for 
Program and Data. 


Data transfer timing is generated by the Address 
strobe AS and the data strobe DS. Address strobe 


Figure 27. External Memory Addressing Circuit 
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Multi-processing or external program testing may 
be accomplished by disabling the I/O ports used for 
external memory addressing and the associated 
timing signals. 


High Impedance Mode 


The programmer may place the External Memory 
Interface (I/O ports 0 and 1, Address Strobe, Data 
Strobe and Read/Write) into the high impedance 
state by setting the HIMP bit (MODER.0). External 
test equipment may then drive the memory lines for 
automatic test, external memory validation or pro- 
gramming. The ST9 will continue to execute internal 
programs, providing no external memory is ad- 
dressed, allowing the execution of security routines 
without showing the externally the addresses used. 
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low indicates that the data present on ADO to AD7 
is the low order address and is guaranteed valid on 
the rising edge of AS allowing for latching of the 
address bits by an external latch. Data transfer 
direction is indicated by the status or the Read/Write 
(R/W) pin; for write cycles (R/W low), data out is 
valid at the falling edge of DS; for read cycles (R/W 
high), data in must be valid prior to the rising edge 
of DS. The Data Strobe low period may be extended 
to accomodate slow external devices by the adding 
of internally generated wait cycles (0 to 7 cycles for 
both program and/or data memory maps) or by an 
external input on the WAIT input pin also available 
as an Alternative Function of an I/O bit. Suggested 
interface circuits are shown in figure 27. 


ADO-AD7 


VA00299 


Bus Request/acknowledge 


The External Memory Interface address ports and 
timing signals may be forced to their high imped- 
ance state by utilizing the BUSREQ, Bus Request, 
and BUSACK, Bus Acknowledge, signals available 
as Alternate Functions of two I/O pins (please refer 
to the pin configuration drawings for availability of 
these lines for the package chosen). The signals, 
BUSREQ and BUSACK, must be enabled by set- 
ting the BRQEN bit (MODER.1). Once enabled, a 
low level detected on the BUSREQ pin at the start 
of an internal machine cycle will cause the stretch- 
ing of the CPUCLK, and BUSACK to go low indicat- 
ing that the External Memory Interface is disabled. 
The BUSREQ pin is then continuously monitored, 
and when sampled high, the External Memory In- 
terface pins are driven by the ST9 within two INT- 
CLK cycles. 
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1/0 PORTS 


Summary of Function 


For the ST9036, only twelve pins have a Reserved 
function: Vpp, Vss, RESET, AS, DS, R/W, OSCIN, 
OSCOUT, the Analog to Digital Converter Voltage 
references, and the External Interrupt 0 and 7 input 
pins. All other pins are available as Input/Output 
(I/O) for the user, grouped into Ports of 8 bits. These 
may be programmed to be Input, Output, Bidirec- 
tional or Alternate Function (Peripheral or Memory 
Interface), on a bit by bit basis, at any time. When 
programmed as an Input the pin may be set to TTL 
or CMOS input threshold levels, while, when pro- 
grammed as Output, Push-Pull or Open Drain con- 
figuration may be selected. The Bidirectional mode 
sets the pin with a weak pull-up resistor to Vpp or 
to Open Drain, allowing bidirectional communica- 
tion with external logic. The Alternate Function set- 
ting is predetermined for each pin as shown in the 
Pin Configuration Table. 


The circuitry of the I/O port allows for several 
ST9036 peripheral functions to address, as Alter- 
nate Functions, the same pin, for both input and 
output, the programmer selects which peripheral 
function is to be active by enabling its individual 
Input or Output function. This multi-function 1/O 
capability of the ST9036 allows for easy adaptation 
to external circuits. The options available for each 
bit are summarized in Table 8 : 


Figure 28. I/O Port Schematic 
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Table 8. I/O Setting Options 


TTL Thresholds 
Input 

CMOS Thresholds 

Push-Pull 


Weak Push-Pull 


Push Pull 


I/O Port Configuration 


The configuration of each general I/O bit of the 
ST9036 is set by the corresponding bits in three I/O 
Port control registers. These affect the status of the 
input and output buffers of the pin, and enable the 
Alternate function Outputs. Alternate Function in- 
puts are always connected, and are used by enab- 
ling the function from within the configuration 
registers of the relevant peripheral function. The 
configuration of an I/O bit is shown in figure 3.1.2. 
Outputs follow a Master/Slave buffer, data is trans- 
ferred from the ST9 internal data bus at the begin- 
ning of the machine cycle, and, if enabled as output, 
is passed to the output latch at the end of the cycle. 
This synchronization allows for the Bidirectional use 
of the pin without potential conflicts. 


ALTERNATE 
FUNCTION (IN) 


INTERNAL DATA BUS 
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I/O PORTS (Continued) 


Configuration Registers. 


Three registers are used to allow the setting of each 
pin, generically PxC2R, PxC1R, PxCOR, where x 
relates to the 8 bit I/O port in which the bitis present. 


Table 9. Port Configuration Status Bits 


Pxn Configuration 


Pxn Output 
Pxn Input 
Legend: 
x = Port 
n = Bit 
BID = Bidirectional 
OUT = Output 
IN = Input 
AF = Alternate Function 


Figure 29. I/O Port Input Configuration 
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The setting of the corresponding bitin each register 
to achieve the desired functionality of the I/O pin is 
shown in Table 9. 


The effect of the configuration settings of Table 9 
on the I/O ports structure is shown in figures 31 to 
32 


WP = Weak Push-Pull 
OD = Open Drain 

PP = = Push-Pull 

Hl = High Impedance 
TTL =TTLStd Input 
CMOS = CMOS Std Input 


Figure 30. I/O Port Output Configuration 


1/0 PIN 


OPEN DRAIN 
PUSH-—PULL 


OUTPUT SLAVE LATCH 


ALTERNATE 
FUNCTION 


INPUT LATCH : 


INTERNAL DATA BUS 


OUTPUT MASTER LATCH 


VA00224 VA00225 
G7 SGS-THOMSON eee 
SF MICROELECTRONICS 


255 


ST9036 


1/O PORTS (Continued) 


Figure 31. I/O Port Bidirectional Configuration Figure 32. I/O Port Alternate Function 
Setting Configuration 


‘ 1/0 PIN 
1/0 PIN 


WEAK PULL-UP 
OPEN DRAIN 


OUTPUT SLAVE LATCH 


OPEN DRAIN 
PUSH—PULL 


OUTPUT SLAVE LATCH ALTERNATE 
_ FUNCTION (IN) 


ALTERNATE 
FUNCTION 


ALTERNATE 
FUNCTION (OUT) 


OUTPUT MASTER LATCH INPUT LATCH 


INTERNAL DATA BUS 


INPUT LATCH 


INTERNAL DATA BUS 


VA00227 


I/O Register Map found in Group E of the Register File, for immediate 


. tall times, while the configuration registers 
The Data Registers which correspond to the pin @0cessa i 
status (after configuration) of I/O port 0 to 5, are and the Data Registers for Additional Ports are 
found within I/O pages (Group F) 2 and 3. 


Figure 33. I/O Register Maps 
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1/0 PORTS (Continued) 
Handshake and DMA 


I/O Port 5 of the ST9036 is able to support a parallel 
interface port with handshake capability. This 
allows one, two or four wire interconnecting hand- 
shake signals and facilitates very fast parallel trans- 
fer of data for input and output, or for the 
interconnection of peripheral devices requiring 
strobe signals for synchronization. Table 9 shows 
the available options for input and output status and 
strobe signals available as Alternate Functions of 
I/O port bits (see Pin Configuration). The Hand- 
shake configuration is set within the Handshake 
Control Register (HDCnR) for the relevant I/O port 
n. 


Data transfer through the parallel I/O port with 
handshake can also be triggered through a DMA 
channel. Timing is generated by the ST9036 TIMER 
ON-CHIP EVENT strobe signal (see the MULTI- 
FUNCTION TIMER section for information on 
generating these signals), which, causes the pro- 
grammed transfer of data to or from the memory 
source which can be Register File, Program space 


ST9036 


memory or Data space memory. An example of 
application of this technique is shown in figure 34, 
acomplex stepper motor timing sequence automat- 
ically being transferred from a table in the Register 
File (or memory spaces) to the stepper motor dri- 
vers. After initialization, this operation is transparent 
until the task (complex microstepping) is com- 
pleted. 


Table 10. Handshake Control Signal Options 


eee 
Lines 


Bidirectional 


Figure 34. Handshake + DMA Used for Stepper Motor Driving 
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Figure 35. Timer/Watchdog Block Diagram 
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A 16 bit down-counter, complete with 8 bit pres- 
caler, is integrated into the ST9036 core. This is 
able to operate both as a general purpose timer 
with associated input and output pins for timing 
functions, and also as a Watchdog Timer offering 
a security against possible processor malfunctions 
due to external events. 


Timer Modes 


When operating as a Timer, with a timing resolution 
from 333ns to 5.59s (INTCLK = 12MHz), an input 
pin (WDIN) and output pin (WDOUT) may be se- 
lected as the Alternate Functions of two I/O pins. 
When WDIN is enabled by the user by setting INEN 
high (WDTCR.3) and the Alternate Function is set, 
4 operating modes are available: The WDIN input 
may be programmed to act as an event counter 
input, with high to low transitions causing the 
counter to decrement (the time duration between 
the falling edges of the input clock must be at least 
333ns, allowing a maximum input frequency of 
3MHz). It may also be used for pulse width meas- 
urement by being selected as a counter clock gate 
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signal (prescaler to the counter being driven by 
INTCLK/4), counting being enabled when WDIN is 
at a high level. Trigger and Re-trigger modes cause 
a reload of the timer user preset values (providing 
STSP, WDTCR.7 is active) for a high to low transi- 
tion on WDIN at any time (Re-trigger mode) or 
when the counter is at the end of count (Trigger 
mode). The counter decrements at a rate driven by 
INTCLK/4. 


The WDOUT pin, when set as the Alternate Func- 
tion, is enabled by OUTEN high (WDTCR.0), and 
may either toggle the state of the I/O bit (frequency 
generation, OUTMD = "0", WDTCR.2) or pass the 
state of the WROUT bitto the output allowing PWM 
generation (OUTMD = "1") at the end of count 
(timer value = "0") condition. 


Watchdog Mode 


The timer functions may be disabled, and the Timer 
configured for a Watchdog operation by re-setting 
WDEN (WCR.6) to zero. Once the Watchdog has 
been selected it CANNOT be set back into the 
standard timer mode until the next Hardware Reset 
cycle. The programmer should set the watchdog 
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TIMER/WATCHDOG (Continued) 
Figure 36. Timer/Watchdog in Watchdog Mode 
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timer prescaler and timer reload value before en- 
abling the Watchdog mode. The Watchdog Timer 
must then be retriggered, causing the reloading of 
the timer value, by the operation of writing of the 
byte sequence OAAh, 055h to the WDTLR register. 
If this is not done before the Watchdog counts to 
zero, the Watchdog Timeout condition occurs. This 
causes a Hardware Reset of the ST9036. The 
Watchdog reset signal is not output on the external 
Reset pin. 


Timer/Watchdog Interrupts 


The Timer/Watchdog may provide several levels of 
interrupts selectable by the programmer. The Timer 
mode offers two interrupt sources, triggered on the 
timer value reaching 0, either a prioritized level (by 
taking the Interrupt priority channel from the Exter- 
nal Interrupt INTAO) or by atop level, non-maskable 
interrupt (taking the external NMI input channel). 
The interrupt channels are multiplexed from the 
alternative source according to the status of the 
IAOS (EIVR.1) and TLIS (EIVR.2) bits as shown in 
figure 37. Please refer to the ST9 Technical Ma- 
nual for further details on changing the interrupt 
sources of the Timer/Watchdog. When the Watch- 
dog mode is set (WDEN = "0"), the timer value 
equal to 0 event generates a Hardware reset of the 
ST9036. The Timer/Watchdog control registers are 
located within Page 0 of the Paged I/O register 
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Figure 37. Timer/Watchdog Interrupt Sources 
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Figure 38. Multifunction Timer Block Diagram 
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MULTIFUNCTION TIMER 


The ST9036 includes two identical 16 bit Multifunc- 
tion Timers (MFT) in addition to the 
TIMER/WATCHDOG. The following description ap- 
plies to both Timer O and Timer 1. 


Each timer is a 16 bit Up/Down counter, driven by 
the output of an 8 bit prescaler which may be driven 
by INTCLK/3 (giving a minimum timing resolution of 
250ns at INTCLK = 12 MHz) or by an external 
source. This timer is supported by two 16 bit Com- 
parison Registers for generating timed functions 
and two 16 bit Capture/Load Registers for timing 
and variable timebase functions. These features 
coupled with 2 input pins (TxINA and TxiNB) and 2 
output pins (TXOUTA and TxOUTB, where x = 0 or 
1), available as Alternate Functions, giving the timer 
13 operating modes for virtually all required timing 
functions. 


MFT Operating Modes 


The operating modes are selected by the pro- 
gramming of the Timer Control Register (TCR Timer 
x) and the Timer Mode Register (TMR) as follows: 


table: One-Shot Mode. The counter stops at the 
End Of Count Condition (up or down count). 


Continuous Mode. At End Of Count the timer is 
reloaded from a Load Register. 
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Trigger Mode. A Trigger causes reload from a load 
register only if the Timer is at End of Count. 


RETrigger Mode. A Trigger causes reload from a 
load register at any time. 


Gate Mode. Counting is performed only when the 
external gate input (TxINA or TxINB) is active (logi- 
cal 0). 


Capture Mode. A Trigger causes the timer value to 
be latched into the selected Capture register. 


Up/Down Mode. A Trigger causes a count up or 
down, or a change in counting direction. 


Free-Running Mode. Up or Down counting is per- 
formed to the full range with no action at End of 
Count. This is used in Bicapture and Capture 
Modes. 


Monitor Mode. One Capture register follows the 
contents of the timer. 


Autoclear Mode. The timer is reset to 0000h or 
FFFFh (up or down count respectively) on a trigger. 
This gives delta time measurement or free running 
with a modulo of less than 216. 


Biload Mode. The counter is reloaded on an End 
Of Count condition alternately from the two Load 
Registers. (PWM output). 


BlCapture Mode. A Trigger causes the current 
timer value to be transferred alternately to the two 
Capture registers. (Pulse width measurement). 
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MULTIFUNCTION TIMER (Continued) 


Parallel Mode. The prescaler output of Timer 0 is 
internally connected to the input of the prescaler of 
Timer 1, if this is then set to 00h (= divide by 1), 
then the two timers may be run in parallel. 


The trigger events may be either caused by soft- 
ware, or an action on the two input pins which may 
be programmed to respond to rising, falling or both 
edges of the input. The input modes are selected 
in the Input Control Register (ICR) as shown in 
Table 11. This includes the Autodiscriminator 
mode, which causes the timer to count up or down 
depending on the phase between the two input 
edges, such as generated by optical encoders. 


The two output pins (available as Alternate Func- 
tions) may be programmed through the Output 
Control Registers OACR and OBCR to be modified 
(Set, Reset, Toggle or No Operation) on each of 
Overflow/Underflow (OVF/UNF), Compare on 
CMP0O valid (CMO), or Compare on CMP1 
(COMP1) valid events. This allows repetitive sig- 
nals such as PWM drive to be output with minimum 
CPU overhead. Fig 39 shows some typical wave- 
forms available from these signals. 


Figure 39. Example Output Waveforms 
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Table 11. Input Pin Function Settings 


Input Control I | 
Hed ister VEUREIBAS 
IN3-INO bits 


ie) 
/O 
Gate 
Gate 
/0 
Trigger 
Gate 
Trigger 
Clock Up 
Up/Down 
Trigger Up 
Up/Down 
Autodiscr. 
Trigger 
Ext.clock 
Trigger 


Sa 


| 
l RESETI sik RESET 
| 
SET | | 
| 
TOGGLE 


Ay7 Bieoneomawes 


ise 


TxINB Input 
Function 


/O 
Trigger 
/0 
Trigger 
Ext.clock 
ie) 
Ext.clock 
Trigger 
Clock Down 
Ext.clock 
Trigger Down 
V/O 
Autodiscr. 
Ext.clock 
Trigger 
Gate 
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MULTIFUNCTION TIMER (Continued) 


The Overflow/Underflow event and the Compare 0 
event may also be programmed to give On-chip 
Event timing signals to trigger other peripheral 
operations on the ST9036. These are as shown in 
Table 12 


Table 12. ST9036 On-Chip Event Settins 


A/D Conversion Trigger 


Handshake Trigger Port 


The TxOUTA and TxINA lines for each timer may 
be connected internally, by setting of the SCx bits 
of the I/O Connection Register (IOCR). 


The Multifunction Timers are enabled for counting 
by the Counter Enable bit (CEN, TCR.7) of the 
respective timer unit. When CEN is low, both pres- 
caler and timer are halted. CEN is logically ANDed 
with the Global Counter Enable bit (GCEN, 
CICR.7), so that both timers may be started in 
synchronism, i.e. when the timers are set into 
Parallel mode, this allows initialization of both Ti- 
mers before triggering at the same instant. 


MFT Interrupts 


The Multifunction Timer can generate interrupt re- 
quests from 5 different interrupt Sources which are 
grouped into 3 independent groups. The Interrupt 
Vector has the source of the interrupt group en- 
coded by hardware into the least significant 3 bits 
of the vector. This allows the programming of the 
base address to an 8 byte block within the interrupt 
vector area of the Program Space. The groups and 
respective addresses are shown in Table 13. 


Table 13. MFT Interrupt Vectors 


Interrupt Source Vector Address 
a 
za 


Each source may be independently masked, in 
addition all Timer interrupts may be disabled by the 
Global Timer Interrupt enable (GTIEN, IDMR.7) 
control bit. If a Timer interrupt on Compare 0 or 
Capture 0 does not have its corresponding pending 
bit reset before the next interrupt, then an overrun 
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condition occurs. This condition is flagged in two 
dedicated overrun bits inthe Timer FLAGS register. 


MFT DMA Channels 


Two independent DMA channels are present within 
each MFT, associated to the Compare 0 and Cap- 
ture 0 sources. This allows 16 bit DMAtransactions 
from Register File/Memory to COMPO registers, 
and from CAPT registers to Register File/Memory. 
The DMA channels allow the capture of external 
event timings in memory allowing off-line analysis, 
and creating of variable pulse width signal trains, as 
required by the drive of Triacs in certain modes. 


The two interrupt mask sources are independently 
masked by two DMA mask bits, mapped in the 
IDMR register. The End of Block (EOB) procedures 
are as described in the INTERRUPT/DMA section. 


The DMA counter and address pointer registers 
share the most significant user-programmable 6 
bits for both DMA channels (COMP 0 and CAPT 0), 
thus the mapping of the counter and address reg- 
isters use automatic offsets from the base address. 
The actual mapping changes dependent on 
whether the Register File or Memory is addressed 
for the transfer. The offsets are shown in Table 14. 


After the transfer of the complete block of data 
to/from the MFT, the count registers reach the zero 


Table 14-1. MFT DMA Address and Counter 
Registers for Memory DMA Transfers 


POINTERS MAP INTO MEMORY 


Register File 


COMP 0 16 bit 
ADDRESS sabi 
POINTER 


CAPT 0 16 bit 
ADDRESS 
POINTER 


Address 


INCREA- 
Pointers SING 


PRIORITY 


COMP 0 DMA | xxxxxx 
eee 16 bit 
COUNTER 
CAPT 0 DMA | xxxxxx 
16 bit 
COUNTER 00 (n) 


USER PROGRAMMABLE 
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MULTIFUNCTION TIMER (Continued) 


Table 14-2. MFT DMA Address and Counter 
Registers for register file DMA Transfers 


POINTERS INTO REGISTER FILE 


XXXXXX 
COMPARE 0 
XXXXXX 


XXXXXX 
CAPTURE 0 


XXXXXX 


value and an end of block interrupt occurs so that 
the ST9 may process the new data. In many cases, 
the time taken to reload the data tables and to 
re-trigger the DMA action causes speed limitations, 
especially in those applications requiring a continu- 
ous high speed data flow, because of the time 


Figure 40. Multifunction Timer Page Maps 
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consumed by the restore routine. An additional 
DMA function, the SWAP mode, overcomes this 
limitation. This is enabled by the setting of the 
SWEN (IDCR.3) bit. This causes hardware gener- 
ated signals to replace the user address bit 2 of both 
the address and counter pointers. The address and 
counter registers are thus duplicated at an offset of 
4 registers. At the End Of Block condition, the EOB 
interrupt is generated to signal the end of DMA, and 
the state of pointer address bit 2 toggles state 
automatically and the new address and count 
values are used. Thus the ST9 can safely process 
the previous block of data while the new block is 
being transferred. This will continue until the SWAP 
mode is disabled. 


A software protection scheme is implemented to 
prevent non-updated pointer registers from being 
used if a second EOB interrupt arrives during the 
servicing of the first. This mechanism locks the state 
of the DMA mask bit to prevent further transfers 
from taking place. The user should check for this 
condition in the EOB routine to ensure that all the 
DMA transfers are properly serviced. 


The control Registers of each MFT occupies 20 
registers within the I/O paged area. These are 
mapped as follows: 


In addition the MFT is able to trigger byte DMA 
transfers in both directions through an I/O port with 
Handshake (see I/O Handshake and DMA). 
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SERIAL PERIPHERAL INTERFACE (SPI) 


The Serial Peripheral Interface (SPI) is integrated 
into the Core module of the ST9 and provides a 
general purpose shift register based peripheral 
allowing synchronous serial I/O, with special modes 
allowing compatibility with I?C-bus and IM-bus 
Communication standards in addition to the stand- 


Figure 41. SPI Functional Diagram 


TRANSMISSION = |NT2 SCK 
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ard serial bus protocol. The SPI uses 3 lines com- 
prising Serial Data Out (SDO), Serial Data In (SDI) 
and the Synchronous Serial Clock (SCK) which are 
available as Alternate Functions of I/O pins. Addi- 
tional I/O pins may act as device selects or IM-bus 
address ident signals. The functional diagram of the 
SPI is shown in figure 41. 


The SPI, when enabled (SPEN, SPICR.7, high), 
receives input data from the ST9 internal data bus 
into the SPIDR, and originates the SCK to shift the 
data serially through SDO (Most Significant bit first) 
to the slave device which responds by sending data 
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to the master device via the SDI pin. This implies 
full duplex transmission with both data-out and 
data-in synchronized with the same clock signal. 
Thus the byte transmitted is replaced by the byte 
received, eliminating the need to separate "Tx 
Empty" and "Rx full" status bits. After the 8 clock 
cycles have been concluded, the received data in 


RETURN TO 
DATA BUS 


DATA BUS 
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SPIDR is parallel transferred to the read buffer and 
data becomes available for the ST9036 during the 
next read cycle of SPIDR. The BUSY bit (SPICR.4) 
is set when transmission is in progress, this allows 
the user to monitor the status of the SPI by polling 
of this bit. 


The SPI can operate only in master mode, i.e. the 
clock is always generated by the ST9036,. however 
the SCK polarity and phase can be programmed to 
suit all peripheral requirements (figure 42). This, 
together with the 4 programmable bit rates (divided 
from the INTCLK, Table 15), provide the large 
flexibility in handling different protocols. 
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SERIAL PERIPHERAL INTERFACE (SPI) (Continued) 


Figure 42. SPI Data and Clock Timing 
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Table 15. SPI Rate Selection 


Clock SCK Frequency 
SPRISPRO (INTCLK = 12 MHz) 


0 0 8 1500 KHz (T= 0.67 ps) 
0 1 16 
1 0 12 
1 1 256 


750 KHz (T= 1.33 ps) 
I°C-bus Compatibility 


93.75 KHz (T= 10.66 ps) 

46.87 KHz (T= 21.33 ps) 
The SPI includes additional circuitry to enable the 
use of external I°C-bus peripherals. The I@C-bus 
mode is a 2 wire bus while the SPI operates with 3 
wires, however wire-ANDing SDO and SDI gives 
the required signalling, while setting the BMS bit 
causes the enabling of the special |?C-bus fea- 
tures: Clock Slowdown by external devices and 
Arbitration Lost detection. This mode also affects 
the Interrupt sources as shown in the next section. 


SPI Interrupts 


The SPI, when enabled, uses the INT2 external 
interrupt channel source, using the priority selected 
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for INT2 within the External Interrupt Priority regis- 
ters. The INT2 mask bit should be set and INT2 
pending bit reset before enabling the SPI through 
SPEN. The BMS (SPICR.6) and SPEN bits select 
the SPI internal interrupt source as shown in 
Table 16. 


Table 16. SPI Interrupt Sources 


0 0 External channel INT2 
0 1 
1 X 


S-BUS/I*C bus start or 
SPI Registers 


stop condition 
The two registers controlling the SPI are located in 
I/O page 0, the Data Register, SPIDR, at R253 and 
the control register, SPICR, at R254. 


End of one byte 
transmission 
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Figure 43. SCI Functional Block Diagram 
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SERIAL COMMUNICATIONS INTERFACE 


Function 


The Serial Communications Interface (SCI) of the 
ST9036 offers a means of full-duplex serial data 
transfer to a wide range of external equipment with 
its fully programmable character format control for 
asynchronous and byte synchronous serial I/O, 
integral Baud Rate Generator, giving a maximum 
baud rate of 375K Baud in Asynchronous mode 
(Internal Clock), and two DMA channels for trans- 
parent transmission and reception of characters. 
Support is also present in hardware for Line Break 
Detection and generation, character search, net- 
work interfacing with 9th bit Address logic, and 
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Local Loop Back and Auto echo modes for Self- 
Test. The control registers for the SCI exist within 
one I/O page within the I/O page group. 


Character Formats 


When used for asynchronous character trans- 
mission and reception, the character format may be 
changed (through the Character Control Register 
CHCR) to suit external equipment requirements. 
This is summarized in figure 44. 


The baud rate clock for asynchronous mode should 
be set to the +16 Mode and the frequency of the 
clock input (from an external source or the internal 
baud-rate generator output) set to suit this. 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 

This format control is also available for the byte 
synchronous mode (Clock divider set to +1), when 
the data and clock are output in synchronism, the 
data being sampled once per clock period (figure 
45). For a second synchronous mode, CLKOUT is 
activated only forthe data section of the word (figure 
46) on serial data output, and input data is latched 
on the rising edge of the external synchronised 
clock input on the RXCLK pin. This mode may be 
used to access external synchronous peripherals. 


The Address bit/D9 is optional and may be added 
to any word format, it is commonly used in network 
or machine control applications. When enabled 
(AB, CHCR.4 = 1), an address or ninth data bit can 


Figure 44, SCI Character Format 
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Figure 45. Byte Synchronous Output 
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be added to a transmitted word by setting the Set 
Address bit (SA, IDPR.5). This is then appended to 
the next word entered into the (empty) Transmitter 
Buffer Register and then cleared by hardware. On 
character input an Address Bit set can indicate that 
the data preceding the bit is an address which may 
be compared in hardware with the value in the 
Address Compare Register (ACR) to generate an 
Address Match interrupt when equal. 


The Address bit and Address Comparison Register 
can also be combined to generate an Address 
Interrupt in 4 modes to suit different protocols, 
based upon the status of the Address Mode Enable 
bit (AMEN, IDPR.7) and the Address Mode bit (AM, 
CHCR.7) as shown in Table 17. 


ADDRESS STOP 


Figure 46. Serial Expansion Mode 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


Table 17. Address Interrupt Modes 


If 9th Data Bit = 1 


If Character Match 
lf Character Match and 9th Data Bit = 1 


lf Character Match on Word Immediately Following Break 


The character match Address Interrupt mode may 
be used as a powerful character search mode, 
giving an interrupt on reception of a predetermined 
character e.g. Carriage Return or End of Block 
codes. 

The Line Break condition is fully supported for both 
transmission and detection. Line Break is sent by 
setting the SET_BREAK bit (SB, IDPR.6). This 
causes the transmitter output to be held low (after 
all buffered data has been transmitted) for a mini- 
mum of one complete word length and until the SB 
bit is Reset. 


SCI Interrupts 


The SClis able to generate interrupts from multiple 
sources. Receive interrupts include data pending, 


Figure 47. SCI Interrupt Typical Usage 


ADDRESS AFTER BREAK CONDITION 


receive errors (overrun, framing and parity), ad- 
dress or break pending and transmit interrupts are 
software selectable for either the Transmit Holding 
Register Empty (HSN, IMR.7 = "1") or for the Trans- 
mit Shift Register Empty (HSN = "0"). Interrupt 
sources are indicated by the Interrupt pending bits, 
shown in Table 18. These bits should be reset by 
the programmer during the Interrupt Service rou- 
tine. 


Table 18. SCI Interrupt Vector 


Vector Address 


When DMA is active the Receive Data Pending bit 
(RXDP, ISR.2), and the Transmit status bit interrupt 
sources are replaced by the DMA End Of Block 
ee sources for transmit and receive, respec- 
tively. 


Interrupt Source 


Transmitter Buffer or 
Shift Register Empty/ 
Transmit DMA end of Block 


Received Ready/ 
Receive DMA end of Block 


Break Detector 
Address Word Match 


Receiver Error 


Typical Usage of the Interrupts provided by the SCI 
are show in figure 47. 


DATA BREAK ADDRESS DATA BREAK ADDRESS 
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BREAK ADDRESS DATA 
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INTERRUPT INTERRUPT INTERRUPT 


DATA ADDRESS ADDRESS 
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ADORESS DATA DATA 
INTERRUPT INTERRUPT = INTERRUPT 


CHARACTER SEARCH MOOE 
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DATA 


INTERRUPT 


DATA MATCH DATA DATA DATA 


DATA DATA CHAR DATA 
INTERRUPT 


INTERRUPT INTERRUPT MATCH 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


The SCl interrupts have an internal priority structure 
(Table 19) in order to resolve simultaneous events. 


The four major levels of interrupt are encoded in 
hardware to provide two bits of the interrupt vector 
register, allowing the position of the block of pointer 
vectors to be resolved to a block size of 8 bytes. 


Table 19. SCI Interrupt Internal Priority 
Receive DMA Request Highest Priority 


Transmit DMA Request Lower Priority 


Receive Interrupt 


Transmit Interrupt 


SCi DMA 


Two DMAchannels are associated with the SCI, for 
transmit and for receive. These follow the register 
scheme as described in the DMA section. It should 
be noted that, after initializing the DMA counter and 
pointer registers and enabling DMA, data trans- 
mission is triggered by a character written into the 
Transmit Holding register. The DMA End Of Block 
Interrupts generated on completion of the DMA 
transfer take the place of the normal transmit and 
receive character interrupt vectors. 


SCI Clock Generation 


The communication bit frequency of the SCI trans- 
mitter and receiver sections can be provided from 
the integral Baud Rate Generator (allowing a maxi- 
mum asynchronous bit rate of 350k Baud) or from 
external sources (maximum bit rate 175k Baud). 


Ayy BSotieencines 
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This clock is divided by 16 for asynchronous mode 
(CD, CCR.3, = "0"), or divided by 1 for synchronous 
modes (CD = "1"). 


External Clock Sources. 


The External Clock input pin TXCLK may be pro- 
grammed in Alternate function by bits TXCLK 
(CCR.7) and OCLK (CCR.6) to be: the transmit 
clock input (respecting the %16 and %1 timing 
requirements), to act as the output of the Baud Rate 
Generator (allowing an external divider circuit to 
provide the receive clock for split rate transmit and 
receive e.g. 1200/75 baud), or to be CLKOUT, the 
clock output for the synchronous mode. Receive 
clock input via RXCLK Alternate function is enabled 
by the XRX bit CCR.5, this input should be set 
according to the setting of the CD bit. 


Baud Rate Generator. 


The integral Baud Rate Generator is a 16 bit divide 
by n circuit of the Internal Clock INTCLK. Thus 
INTCLK should be chosen to provide a suitable 
frequency for division by the Baud Rate Generator 
to give the required transmit and receive bit rates. 
Suitable INTCLK frequencies and the divider values 
for standard Baud rates are shown in Table 20. 


The act of writing to either of the two registers 
comprising the 16 bit divider causes a reset of the 
SCI, allowing initialization of the SCI settings before 
the writing of the other Baud Rate Generator regis- 
ter. 


Self Test 


Testing of the communications channel may be 
performed using the facilities of the SCI. Auto Echo 
mode (SCI SOUT disconnected, SIN pin internally 
connected to SOUT pin) and Loopback mode (SCI 
transmitter and receiver sections disconnected 
from SOUT and SIN pins and directly connected 
internally) may be used individually or together. 
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SERIAL COMMUNICATION INTERFACE (Continued) 


Table 20. SCI Baud Rate Generator Divider Values 


INTCLK: 7680.000 KHz 


Actual Baud 


Desired Freq 


fear Deviation 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 


0.80000; 0.0000% 


1.20000 
1.75985 


0.0000% 


0.0083% 


4.80000} 0.0000% 


9.60000 
19.20000 


0.0000% 


0.0000% 


38.40000 
76.80000 
153.60000 
307.20000 


0.0000% 


0.0000% 


0.0000% 


19200.00 0.0000% 


614.40000 36923.08 590.76923 


1228.80000 


3.8462% 


80000.00} 1280.00000} 4.1667% 


Actual Baud 
Rate 


Desired Freq Actual Freq sas 
Baud Rate | Clock Factor (kHz) (kHz) Deviation 


0.80000 50.00 0.80000} 0.0000% 


1.20000 75.00 1.20000} 0.0000% 


1.76000 
4.80000 


109.99 
300.00 


1.75990 
4.80000 


0.0058% 


0.0000% 


9.60000 600.00 9.60000 


0.0000% 


19.20000 
38.40000 
76.80000 
153.60000 


1200.00 19.20000 
38.40000 
76.80000 


153.60000 


0.0000% 


2400.00 
4800.00 
9600.00 


0.0000% 


0.0000% 


0.0000% 


307.20000 19200.00 307.20000| 0.0000% 


614.40000 38400.00 614.40000 


0.0000% 


1228.80000 76800.00| 1228.80000 


0.0000% 


A2166 kj SGS:THOMsoN 


MICROELECTRONICS 
270 


ANALOG TO DIGITAL CONVERTER 


The ST9036 Analog to Digital Converter (A/D) is 
comprised of an 8 channel multiplexed input selec- 
tor and a Successive Approximation converter. The 
conversion time is a function of the INTCLK fre- 
quency; for the maximum 12MHz clock rate, con- 
version of the selected channel requires 111s. This 
time also includes the 3us of the integral Sample 
and Hold circuitry, which minimizes need for exter- 
nal components. The resolution of the converted 
channel is 8 bits +1/2 LSB between the Analog Vss 
and Vpp references which occupy two pins of the 
ST9036 (AVss and AVpp respectively). These allow 
the full 256 bit resolution to apply over a reduced 
input range such as provided by various sensors 
and allows the best supply noise rejection. 


Figure 48. A/D Block Diagram 


ST9036 


The input Analog channel is selected by using the 
Alternate Function setting as shown in the I/O ports 
section. The 1/O bit structure of the port connected 
to the A/D converter (Port 4) is modified as shown 
in figure 49 to prevent the Analog voltage present 
at the I/O pin from causing high power dissipation 
across the input buffer. Un-selected analog chan- 
nels should also be maintained in the Alternate 
function mode for this reason. A Power Down mode 
is available for applications which require low power 
dissipation, this is selected by setting to zero the 
POW bit (CLR.2) which turns off all Analog functions 
within the A/D converter. 


INTERRUPT UNIT 


INTERNAL 


; COMPARE LOGIC 


CONVERSION 
RESULT 


TRIGGER 
CONTROL 


pie 
ANALOG 
MUX 


DATA REGISTER 1 SUCCESSIVE APPROXIMATION 
DATA REGISTER 0 A/D CONVERTER 


EXTERNAL 
TRIGGER 


CONTROL REGISTER Ls AUTOSCAN LOGIC 
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ANALOG DIGITAL CONVERTER (Continued) 
Figure 49. A/D Input Configuration 


1/0 PIN 


TOWARDS 
A/D CONVERTER 


GND 


INPUT 
BUFFER 


ALTERNATE 
FUNCTION ———O 
(OUT) 


OUTPUT MASTER LATCH 


INPUT LATCH 


INTERNAL DATA BUS 


Figure 50. A/D Trigger Sources 


EXT. TRIGGER 
ENABLE 


A/D TRIGGER 


a oe le 


INT. TRIGGER 
ENABLE 


ON—-CHIP EVENT 


SOFTWARE TRIGGER 
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Conversion 


Each of the input Analog channels (AINO-7) can be 
converted singly or continuously. In single mode 
(CONT, CLR.1, = "0") conversions are triggered by 
setting the Start/Stop bit ST (CLR.0), this is reset 
by hardware at the end of a group of conversions 
and conversion stops. The Autoscan mode (CONT 
= "{") converts each input channel in sequence, 
starting from the channel number selected in the 
Start Conversion Address (SC 1-3) bits and increas- 
ing to channel 7 (AIN7), repeating so that the data 
registers will be maintained with the latest con- 
verted result. Conversion start is triggered by inter- 
nal or external events. An external trigger (enabled 
by EXTG, CLR.4, ="1") is caused by a pulse onthe 
ADTRG pin available as an Input Alternate Func- 
tion. This should have a minimum length of 80 nS 
and of a period greater than the conversion time. 
The Internal trigger is enabled by setting INTG, 
CLR.3, to "1" (this is ORed with EXTG to prevent 
hardware conflicts, but the correct procedure is to 
enable only one source at a time), in this case 
triggering is either by setting the ST bit by software 
or by enabling the ON-CHIP EVENT signal from the 
TIMER module. 


START GROUP 
OF CONVERSIONS 
CONTINUOUS OR 
SINGLE MODE 
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ANALOG DIGITAL CONVERTER (Continued) 


The resulting data from the converted Analog chan- 
nel AINx is stored in the appropriate Data Register 
DxR. Two channels AIN6 and AIN7 have a special 
feature known as the Analog Watchdog, by the use 
of two Threshold Registers for each channel. The 
Upper, (HT6R, HT7R), and lower, (LT6R, LT7R), 
registers contain user preset values. These values 


SPEED 
(CONVERSION 
RESULT) 


INTERNAL 
TRIGGER 


A/D Interrupts 


The ST9036 A/D converter provides two interrupt 
sources, End of Conversion and an Analog Watch- 
dog Request. The interrupt vector register (IVR) 
provides 1 bit automatically generated in hardware 
to follow the interrupt source, allowing the user to 
select the base address of a four byte area of the 
interrupt vector table in which to store the A/D 
Interrupt Service Routines. The Analog Watchdog 
Request requires the user to poll within the Com- 


ky SGS-THOMSON 


Figure 51. Analog Watchdog Used in Motor Speed Control 


ST9036 


are automatically compared to the value in the Data 
Registers D6R and D7R following each new con- 
version. If the resulting data is less than the corre- 
sponding Lower Threshold Register, or higher than 
the contents of the corresponding Upper Threshold 
Register, then an interrupt may be generated. This 
hardware feature minimizes analog monitoring 
overhead and is particularly useful in motor control 
applications as shown in figure 51. 


TACHO 
(CHANNEL 7) S/H 
AND 


A/O 


UPPER THRESHOLD 


LOWER THRESHOLD 


VA00250 


pare Result Register (CRR) to determine which of 
the four thresholds has been exceeded, the thre- 
shold status bits should be reset by software in the 
service routine. The interrupt pending flags, ECV 
(End of Conversion, ICR.7) and AWD (Analog 
Watchdog, ICR.6) should also be reset by the User 
in the Interrupt service routine before the return. 


The ST9036 Analog to Digital converter occupies 
I/O page 63 (Group F). 
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SOFTWARE DESCRIPTION 


Addressing Modes 


The ST9036 offers a wide variety of addressing 
modes and combinations to facilitate full and rapid 
access to the address spaces while reducing pro- 
gram length. Register addressing (using the work- 
ing register group mechanism or directly 
addressed) can be used as 8 or 16 bit values for 
data or indirect addressing into the memory spaces 
or the Register File. The selection between Pro- 
gram Memory_and Data Memory is performed 
through the P/D bit in the FLAG Register, all sub- 
sequent actions on the memory space will affect 
the selected map only, apart from the memory map 


Table 21. Addressing Mode 


Register Direct 

Register Indirect 

Register Indexed 

Memory Direct 

Memory Indirect 

Memory Indirect with Post-Increment 


Memory Indirect with Pre-Decrement 


Memory Indexed with Immediate Short 
Offset 


Memory Indexed with Immediate Long 
Offset 


Memory Indexed with Register Offset 


Memory Indirect Post-Increment to 
Indirect Register Post-Increment 


Memory Map to Memory Map both with 
Post-Increment 


Bit Address 


Legend: 
N  =8 bit Value 
NN = 16 bit Value or Address 
r = Working Register 
R = Directly Addressed Register 
) = Indirect Addressing 
)+ = Indirect with Post-Increment 
( ) =Indirect with Pre-Decrement 
.b =Bit Number (0 to 7) 
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to memory map post-increment addressing mode 
which allows the map to be specified as part of the 
instruction for both destination and source oper- 
ands. Apart from the immediate data and condition 
codes all operands are expressed as register file 
or memory addresses. 


The available addressing modes, with the ST9 
macro-assembler notation, are shown in Table 21. 
Combinations Of Available Addressing Modes 
Table 22 describes the addressing modes available 
for the register file and the memory (both as a 


destination and as a source) for the two operand 
arithmetic, logic or load instructions. 


Table 22. Addressing Mode Permutation for 
Instructions 


Two Operand Arithmetic and Logic Instructions 
[—Besnaon Source 
Register Direct Register Direct 
Register Direct Register Indirect 
Register Direct Memory Indirect 
Register Direct Memory Indexed 


Register Direct Memory Indirect with 


Post- Increment 


Memory Indirect with 
Pre- Decrement 


Register Direct 


Register Direct Memory Direct 


Register Indirect Register Direct 
Memory Indirect Register Direct 
Memory Indexed Register Direct 


Memory Indirect with 
Post- Increment 


Register Direct 


Memory Indirect with 
Pre- Decrement 


Register Direct 


Memory Direct Register Direct 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Addressing Mode Permutation for 


Instructions (Continued) 


Two Operand Load Instructions 


Register Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 
Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 
Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 


Two Operand Arithmetic and Logic Instructions 
[—bestnation [Source 


Register Direct 
Memory Direct 


Memory Indirect 


Immediate 
Immediate 


Immediate 


Two Operand Load Instructions 
[Bestnaon [Source 


Register Direct 
Memory Direct 


Memory Indirect 


Long Indexed Memory (1) 


Immediate 
Immediate 
Immediate 


Immediate 
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Table 22 . Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Arithmetic, Logic & Load Instructions 


Memory Indirect 


Destination 


Memory Indirect 


Two Operand Load Instructions © 
denon [Sree 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Notes: 
1. Load Word only 
2. Load Byte only 


Instruction Set 


The ST9036 instruction set consists of 87 instruc- 
tion types functionally divided into eight groups as 
in Table 23, they are: 


— Load (two operands) 

— Arithmetic & Logic (two operands) 

— Arithmetic Logic and Shift (one operand) 
— Stack (one operand) 

— Multiply & Divide (two operands) 

— Boolean (one or two operands) 

— Program Control (zero to three operands) 
— Miscellaneous (Zero to two operands) 


The wide range of instructions facilitates the full use 
of the register file and address spaces, reducing 
execution times, while the register pointers mech- 
anism allows an unmatched code efficiency and 
ultrafast context switching. A particularly notable 
feature is the comprehensive "Any Bit, Any Regis- 
ter" (ABAR) addressing capability of the Boolean 
instructions. 


The ST9036 can operate with a wide range of data 
lengths from single bit, 4-bit nibbles which can be 
in the form of Binary Coded Decimal (BCD) digits, 
8-bit bytes and 16-bit words. The summary on 
Table 23 shows the instructions belonging to each 
group and the number of operands required for 
each. The source operand is "src", "dst" is the 
destination operand, and "cc" is the condition code 
selection. 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary 


Load Instructions (Two Operands) 


sass Fags 
e(z{s|v[o] nH 
dst, src Load 
LDW dst, src Load Word 


Arithmetic and Logic (Two Operands) 


a 
es IAI 


ADD dst, src Add 

ADDW dst, src Add Word 

ADC dst, src Add with Carry 

ADCW dst, src Add Word with Carry 

SUB dst, src Subtract 

SUBW dst, src Subtract Word 

SBC dst, src Subtract with Carry 

SBCW dst, src Subtract Word with Carry 

AND dst, src Logical AND 

ANDW dst, src Logical Word AND 
dst, src Logical OR 

ORW dst, src Logical Word OR 


- 
al 


XOR dst, src Logical Exclusive OR 
XORW dst, src Logical Word Exclusive OR 
dst, src Compare 
CPW dst, src Compare Word 
dst, src Test Under Mask 
TMW dst, src Test Word Under Mask 
TOM dst, src Test Complement Under Mask 
TCMW dst, src Test Word Complement Under Mask 


Legend : 


4 @) O 


0 = Bit set to zero 
1 = Bit set to one 
A = Bit affected 
2? = Bit status undefined 
—  =Bit not affected 
48/66 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Arithmetic Logic and Shift (One Operand) 
Operand | Flags 
C 
INC dst Increment 
INCW dst Increment Word 
DEC dst Decrement 
DECW dst Decrement Word 


= 


SLA dst Shift Left Arithmetic 
SLAW dst Shift Word Left Arithmetic 
SRA dst Shift Right Arithmetic 
SRAW dst Shift Word Right Arithmetic 
RRC dst Rotate Right through Carry 
RRCW dst Rotate Word Right through Carry 
RLC dst Rotate Left through Carry A 
RLCW dst Rotate Word Left through Carry 
PROR | ast Rate Rok Ri es 
proton [mnie «fe fa fa fa [== 
a Cd 
fer [as _| Camorra = [fe fe [= [= 


a Ce BOGE 
lA Doge 


ES 
Ea 


Stack Instructions (One Operand) 


elz}sivjolH 

PUSH sic Push on System Stack 
PUSHW src Push Word on System Stack 
PEA src Push Effective Address on System Stack 
POP dst Pop from System Stack 
POPW dst Pop Word from System Stack 

src Push on User Stack 

src Push Word on User Stack 

PEAU SIC Push Effective Address on User Stack 

POPU Pop from User Stack 
POPUW Pop Word from User Stack 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Multiply and Divide Instructions (Two Operands) 


operand a 
BEV 


rm a efefefe tele 
DIV dct ere Divide 16/8 1/As]A]? 4] 1 ? 
DIVWS ‘ Divide Word Stepped 32/16 7 ie (me ce ume aa Fea cd 


fates i 
fem fase few 
a 
[oor [eee [wemmwon i 


Boolean Instructions (One Operand) 


Program Control Instructions (Three Operands) 


(esa easel accra 
Compare and Jump on False, 

OPUFI Otherwise Post Increment 
Compare and Jump on True, 


esis 
zee 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Program Control Instructions (Two Operands) 


Operand pags 
Rae e 


= np a -EEEEE 
a sono -EEEEE 


DJNZ oer a Working Register and Jump if Not BEREEG 
DWJNZ Decrement a Register Pair and Jump if Not Zero |= | = 


Program Control Instructions (One Operand) 


Operand | Flags 
eee 


[| veto -EEEEE 
ca | ort -EEEEE 


Program Control Instructions (No Operand) 


== = ae aie pp] Hy 
Operand 


a oo Seeeee 
a oc Phe fate 


Stop Program Execution and Wait Next Enabled !n- 
WEI terrupt. If a DMA request is present the CPU ex- 
ecutes the DMA service routine and returns to WFI 
state. 
HALT iF al Stop Program Execution until RESET }-|-|-|-]-]-| 


Miscellaneous (Two Operands) 


iy ee ee 


fer _[anee [Bearer - EEE 


Cc 
U 
QO | a 
a | 9 
Qa |} a 
n | Nn 
om | =e 
( ee Gee 
Cc } c 
3,3 
wm | UD 
= | yD 
oO| & 
S| 3 
< 
21 3 
ol ie 
ea eS) 
2 )2 
=/ 2. 
oO} =& 
eee (nO 
3 
a 
= 
(40) 
a 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Operand 


SRPO 


S 

S 
SRP1 s 
s 


rc 
rc 
rc 
rc 
sfc 


EXT 


U a 
U Uv 


Operand 


SCF Set Carry Flag 


C 


8) 
| 


CCF 


SPM 
SDM 


Processor Flags 


An important aspect of any single chip microcon- 
troller is the ability to test data and make the 
appropriate action based on the results. In order to 
provide this facility, register 231 in the Register File 
is used as a Flag Register. Six bits of this register 
are used as the following flags: 


Miscellaneous (One Operand) 


ee a 


eens Pnertoe ie wetna anes) [~~ | — 
eps Por 0138 wig eps) | ~ | — 
epson NSE Nog Fees) _|— | — 
[serena | 
[seemed 


Miscellaneous (No Operand) 


i...” ee 


Enable Interrupts = 
Disable Interrupts 


Reset Carry Flag 


= 
G 
oO 
[conseneconrae i 
[seeaoyeniey 
[seatenionoy 
poms 


1 


D - Decimal Adjust 
H - Half Carry 


One of the two remaining bits in the flag register is 
available to the user (bit 1, F1). Bit 0 is the Pro- 
gram/Data Memory selector bit and is operated on 
directly by the hardware within the ST902X. The 
P/D pin will follow the status of this bit. 


C - Carry 
Z - Zero Condition Codes. Flags C, Z, S, and V control the 
S.S operation of the "conditional" Jump instructions. 
aolgt Table 24 shows the condition codes and the flag 
V - Overflow settings affecting the jump. 
52/66 : 
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SOFTWARE DESCRIPTION (Continued) 


Table 24. Condition Codes Summary 


Mnemonic 
Code 


F 


Always False 


Flag Setting 
Always True 


Z=1 


NC No Carry 


Zero 


No Zero 


40 
foe 


N 


Z=0 - 


a 
Greater Then or Equal (S xor V) =0 


=0)=1 
(Cor Z) = 1 


UGT Unsigned Greater Than (C=OandZ=0 


POWERFUL DEVELOPMENT ENVIRONMENT ARST9 Library Archiver. 


ST9 Software Tools SIMST9 Software Simulator with realtime emula- 


tion executor 
The following Software Tools are available for MS- 


; : ST9036 Hardware Emulator. Realtime emulation 

DoSy eens aad Only 2 ceeralngeysieMs: of the ST9036 in all packaging options is performed 
AST9 high-level macro assembler with predefi- — by a modular emulation system, interfaced to the 
nited macro instructions (IF/ELSE, — host computer through an RS232 channel, whit 

WHILE, DO, LOOP, SWITCH, BREAK, _ powerful hardware breakpoints, on-line assem- 
PROCEDURE, RESTURN). bler/disassembler, emulation and trace memory. 

LST9 Incremental Linker/Loader. The emulator is fully supported by a simbolic on- 


line debugger and help facility. 
CST9 Optimised C-Compiler (ANSI STANDARD). 
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ABSOLUTE MAXIMUM RATINGS 


parameter | Value | Unit 
| 
. 


Input Voltage Vss — 0.3 to Vop +0.3 
Output Voltage Vss — 0.3 to Vop +0.3 
Storage Temperature — 55 to + 150 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
fpetone operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 


ees ee | Min, | Max, 
Internal Oscillator Frequency a ie eee MHz 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta =— 40 °C to + 85°C, unless otherwise specified) 


Test Conditions 


Vin | input High Level 

IL Input Low Level Im ss | =08 | 
-0.3 

| 07 Voo | 


Vop + 0.3 


VDD + 0.3 PvE 


V TTL 
fons SC*d Cw 
Sg 
[are [Resting tawinnt sf 
Oc 
: | 
[= 


Output Low Level Push Pull or Open Drain, 
lload = — 1.6mA 
IWPU Weak Pull-up Current Bidirectional Weak Pull-up, 
VoL = OV 
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DC ELECTRICAL CHARACTERISTICS (continued) 


IAPU Active Pull-up Current, VIN < 0.8V - —_ 
“mer INTO and INT7 orem 
— I/O Pin sore —_ Leakage a ame ri-State, OV < Vin < Vop aeeece WA | 
tkkrs Reset Pin Input | Reset Pin Input Leakage OV< fov<Vin<Voo < Vpp — 30 | -90 | | +30 ua] 


+ 30 
a 

peerreror maa Fe Drain, ov < Vin < VoD +3 
ILKAP Active Pull-up | Active Pull-up Input Leakage | Leakage 0V< fov<vin<osv < 0.8V ) -to | | sto [pa A | 
Ttxos[Oscwrnnpatenage —_fevevwevon | | | +10 [ua 
fawinowt +f —«dt |e 

Prescale by 2 

fans «S| tw 
fawinowes «| +t as | sma 
Tar ratroceciren ——aatznows «Yd *d tof 


Note: 
1. AIlV/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


Test Conditions 


IpDP2 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 


PUSH-—PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 
WEAK PUSH-PULL OUTPUT 
TEST CONDITION 
"O" SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V + 10%, Ta= — 40°C to + 85°C, unless otherwise specified) 


Note: 1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vip =0.8V OD 


Vit =9.2V op 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vop = 5V + 10%, TA =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = = 12MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divides OSCIN ue Divided eel 


1 fren (AS) A _ uptime pc (eP+t) 22 (2P+1) -22 TWoHsPTpc—18 ~18 fs 
> ThAS (A) _ | Address Hold Time after AST |TpC-17 TwCL -13 
TdAS (DR) |AST to Data Available (read) |TpC (4P+2W+4)-52 | TpC (2P+W42) 51 a 


se AS Low Pulse Width TpC eer -7 poe -3 mr 
| 5 |TdAz(DS) [Address FloattoDS) 


a DS Low Pulse Width italien ——— (4P-+2W43) -20 ss (2P+W+1) - r=[ [= 


| 7 |twosw | DS Low Pulse Width IDS Low Pulse Width (write) | TPC (2P+2W42) 13 (2P-+2W+2) -13 Tp (P+WH1)-13 (P+W+1) -13 


r TdDSR (DR) |DS J to Data Valid Delay (read) eee (APreWej250: | AWOMSTROler aa) s ‘cael IE 

| 9 |ThDR(DS) — |Data toDS T Hold Time (read) 

ee ee 
TDS (AS) [DST to AS J Delay TpC -18 TwCL -14 24 | | ns | 

TsR/W (AS) {RW RAW Set-up Time before ASt |Tpc (2P+1) -22 TwCH+PTpC -18 20 | | ns | 


at a ed 
TdDW (DSW) = Data Valid to DS J Delay |756 (op44) -32 TwCH4PTpC -28 p10} | as | 
Se 


Tad (DR) ities a to Data Valid fees (eP+2W45) 68 |TWCH#TPC (P+ W42) - aici ME IES 
TdAs(DS) [AST to DS J Delay TeC-18 ss TWOL-18 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock —— 
ate value and number of wait cycles inserted. 


he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: TpC = OSCIN Period 
P= Clock Prescaling Value TWCH = High Level OSCIN half period 
W= Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise a 


Value | Value (Note) 
Symbol Parameter OscIN ues OSCIN Not 
Divided ioe 2 


| 1 |TdAS (WAIT) |AS T to WAIT J Delay 2(P#1)TpC-29 es 29  |(P41)Tpc-29 
| 2 |TdAS (WAIT) |AS Tto WAIT T Minimum Delay |2(P+Ws1)TpC—4_|(P+Ws1)TpC 4 a 
TdAS (WAIT) |AS Tto WAIT T Maximum Delay [2(P+Ws1)TpC-29 |(P+Wst)Tpc-20 | | e3w+40| ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
rescale value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


DS 
(READ) 


PORTO 
(WRITE) 
oS 
(WRITE) 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VAOO115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN ie Divided ese ls 
—— 2 


TpC+8 TwoLe2 2 


en ete are 
[prom feiens: feranapermmmel fete 
2 frasrcK ene USAR Iwaicraeme| | wo iio | oe 
[4 frasnck enc [BUSRGRTioaus ace [2 | +f | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescee value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


p+ frenencn poo ercn) BREQ J to BUSACK J 


BUS REQUEST/ACKNOWLEDGE TIMING 


BUSREQ 


BUSACK 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output aaa a unless otherwise specified) 


Value | Value (Note) 
Symbol Parameter oe rt ee a ees 


ee ae RDRDY, WRRDY Re ees 2TpC 
ee in One Line Handshake a -18 ) eS ee i 
| 2 |TwSTB RDSTB, WRSTB Pulse RDSTB, WASTE Pulse Width — aTpc+12 | | ftpcet2 | 2 


TdST (RDY) RDSTB, or WRSTB T TpC+45 aka 87 
to RDRDY or WRRDY JL 

TsPD (RDY) |Port Data to RDRDY qi (2P+2W+1) TWCH+(W+P) 16 
Set-up Time TpC —25 TpC —25 

TsPD (RDY) |Port Data to WRRDY J Set-up 43 43 43 
Time in One Line Handshake i 

ThPD (RDY) |Port Data to WRRDY 4 Hold 
Time in One Line Handshake 

TsPD (STB) |Port Data to WRSTB T 10 10 10 

Set-up Time 
Time 


RDSTBD T to Port Data Delay 


shake 
)|RDSTB T to Port High-Z Delay 
Time i in Bidirectional Hand- 
shake 
Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
rescale value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter 


OSCIN | OSCIN Not mre 


Divided By | Divided By 

2 Min. 2 Min. 
[1 fir [cow Level niimam Puke Wain sng Cape node fetpovte fipowe [es | | vw 
[2 [iwi [righ Leveliimum Pulse Wisin Ring Eage Mode —_[etpovie[Teowre | os |_| me 
[3 [twee [righ Leveliimum Pues Within Fling SepeNose —_[etpovie[teowta | os | | vw 
[4 [wir [lowLavelninmim Puse Wish inFaing ge ode [eTpovia [Teor [os | [vw 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
aise value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


fds | TwWDOL =| WDOUT Low Pulse |WOOUT Low Pulse Width =| 


ee TwWDOH WDOUT High Pulse Width 
ae TwWDIL WDIN Low Pulse Width 
TWwWDIH WDIN High Pulse Width 


WATCHDOG TIMING 


VA00110 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 
Alternate Function set as Push-pull) 


Input Data Hold Time 


00 


SCK High Pulse Width 3 


Input Data Set-up Time 


Note: 1. TpC is the Clock period. 


SPI TIMING 
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PACKAGE MECHANICAL DATA 


Lead Plastic Leaded Chip Carrier (C) 


Figure 53. 68 


o] 4 


See LL ret [P 


Figure 54.-80-Lead Plastic Quad Flat Package (q) 


Le ue LL be 
|= c| 5 
sd on is i 


: ae 
Hi 

O/Cle nz 

NISIs 


0°C to +70°C PQFP80 


24MHz -40°C to +85°C PQFP80 
24MHz 


Note: "XX" is the ROM code identifier that is allocated by SGS-THOMSON after receipt of all required options and the related ROM file. 


ST9036C6/XX 24MHz -40°C to + 85°C PLOC68 
ST9036C1/XX 24MHz 0°C to +70°C PLOC68 


ORDERING INFORMATION 


ST9036Q6/XX 
| ST9036Q1/XX 
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ST9036 OPTION LIST 


Please copy this page (enlarge if possible) and complete ALL sections. Send the form, with the ROM code 
image required, to your local SGS-THOMSON sales office. 


Customer Company : [rg oh quest cat a ak ase inte ee ave ee ae eons eee a eeeeand & Gann ocean an ] 

Company Address : (ee a ser ta tates gh eee cee ee Es AGL Bs siete eaten te ] 
[Sanath oueaien ean etal warantadd Pata ese See nee penereee ] 

Telephone : ae eran eee Oe aR tes ] 

FAX: le pale taecce ei tee aces ] 

Contact : ee tceeedie ea aa tmd inet ] Telephone (Direct): [......... 00.0... eee eee bel 


Please confirm device required : 


Package [ ] (p) Temperature Range [ |] (t) 


Special Marking [ ] (y/n) 11 characters rl] i} bd td dd dca (ny) 
Notes: 


(p) C = Chip Carrier Plastic, Q = Quad Flat Package Plastic 
(t),1 =0 to+70°C, 6 = -40 to +85°C 
(N) Available : ASCII 020h - O5Fh 


Please consult your local S@GS-THOMSON sales office for other marking details 


ROMLESS OPTION (consult text) 


[ ] YES [ ] NO 

If yes, identify required pin (Port.bit) 

[ ]  P3.7 [ ] P20 
Code: [ ] EPROM (27128 or 27256) 

[ ] HEX format files on IBM-PC® compatible disk 

filename: [..................008. ] 

Confirmation : [ ] Code checked with EPROM device in application 
Yearly Quantity forecast : Eich asset hoe dnnertreeeta anes ] k units 
- for a period of : Lies Sah cher Ste inde ged Sete he ] years 
Preferred Production start dates : aededete eel cutatneratted ] (YY/MM/DD) 
Customer Signature : Ls ecabebbenestgene toca Brass rach aboot rad a dtenst on ] 
Date : Uh cahcied ansehen base eee iea BOL ] 
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16K ROM HCMOS MCU WITH EEPROM, RAM AND A/D 


= Single chip microcontroller with 16K bytes of 

ROM, 256 bytes of RAM and 256 bytes of register 

file with 224 general purpose registers available 

as RAM, accumulators or index pointers. 

512 bytes of high-reliability EEPROM on-chip, 

with 300,000 erase/write cycle capability and 10 

year data retention. 

= On-chip programmable security protection 
against external reading of internal memory. 

m 8/16 bit CORE with full feature DMA controller, a 
powerful interrupt handler and a Standard Sefial 
Peripheral Interface (SPI) handling S-bus, I°C- 
bus, IM-bus and Standard Serial Peripheral In- 
terfaces. 

= Up to 8 external interrupts edge-selectable plus 

1 non-maskable interrupt. 

16 bit programmable Timer with 8 bit Prescaler, 

able to be used as a Watchdog Timer for system 

integrity. 

Two 16 bit Multifunction Timer modules, each 

with an 8 bit prescaler and 13 operating modes, 

allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 

8 channel Analog to Digital Converter, with inte- 

gral sample and hold, fast 11s conversion time, 

8 bit + 1/2 LSB resolution with Analog Watchdog 

on two channels. 

Full function Serial Communications Interface 

with 110 to 375,000 baud rate generator, asyn- 


Figure 1. ST9040 Block Diagram 


PLCC68 
(Ordering Information at the end of the datasheet) 


chronous and byte synchronous capability (fully 
programmable format) and address/wake-up bit 
option. 

= On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 

= Up to seven 8 bit I/O ports with programmable 
input thresholds and output characteristics. Alter- 
native functions allow the full use of all pins. 

= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 

= Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 

= 68-lead Plastic Leaded Chip Carrier package. 


Coe Sci 256 BYTES 16K BYTES 256 BYTES 512 BYTES 16-BiT aor 
WITH DMA WITH OMA REGISTER FILE ROM RAM EEPROM TIMER/WOG 


bos Sf 


May 1991 


MEMORY BUS 


1/0 
PORT 5 1/0 
WTH 
HANDSHAKE tere 


VROO1385 
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Figure 2. ST9040 Pin Configuration 


© 1 P36/TIINB 
o f P37/T10UTB 


TIOUTA/P35 
TIINA/P34 
TOOUTB/P33 
TOINB/P32 
TOOUTA/P31 
P/D/TOINA/P30 
A15/P17 
A14/P16 
A13/P15 
A12/P14 
A11/P13 
A10/P12 

AQ /P11 
A8/P10 
AO/DO/PO0O 
A1/01/PO01 
A2/02/P02 


~ 
a 
wo 
w 
ie) 


A3/03/P03 C 
A4/04/P04 C 


GENERAL DESCRIPTION 


The ST9040 is a ROM member of the ST9 family 
of microcontrollers, completely developed and pro- 
duced by SGS-THOMSON Microelectronics using 
a proprietary n-well HCMOS process. 


The ROM device is fully compatible with its EPROM 
version, which may be used for the prototyping and 
pre-production phases of development, and can be 
configured as: a standalone microcontroller with 
16K bytes of on-chip ROM, a microconiroller able 
to manage up to 112K bytes of external memory, or 
as a parallel processing element in a system with 
other processors and peripheral controllers. 


A key point of the ST9040 architecture is related to 
its modular approach which allows software com- 
monaility with all other members of the ST9 family. 


The nucleus of the modular design of the ST9040 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
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a 
w 


BUSACK/P77 C 
BUSREQ/P76 C 


WDIN / 
WDOUT / 


N P44/AIN4 


a 


AVss 

AVop 

P47 /AIN7 

P46 /AIN6 
P45/AIN5 
P43/AIN3 
P42/AIN2 
P41/AIN1 
P40/AINO 
P27/RRDY5 
P26/INT3/RSTB5/P/D 
P25/WRRDYS5 
P24/INT1/WRSTB5 
P23/SDO 

P22 /INT2/SCK 
P21/sbI/P/D 
P20/NMI 


wu 
w 
°o 
> 
Nn 
ey 
wu 


WAIT/P75 C 
SOUT/P71 
SIN /P70 


P/O /INT6/P74 C 


ADTRG/RXCLK /INT5/P73 O 
CLKOUT/TXCLK /INT4/P72 C 


VA0A483 


Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. The powerful I/O capabilities de- 
manded by microcontroller applications are fulfilled 
by the ST9040 with up to 56 I/O lines dedicated to 
digital Input/Output. These lines are grouped into 
up to seven 8 bit I/O Ports and can be configured 
on a bit basis under software control to provide 
timing, status signals, an address/data bus for in- 
terfacing external memory, timer inputs and out- 
puts, analog inputs, external interrupts and serial or 
parallel I/O with or without handshake. 

Three basic memory spaces are available to support 
this wide range of configurations: Program Memory 
(internal and external), Data Memory (external) and 
the Register File, which includes the control and 
status registers of the on-chip peripherals. 
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MICROELECTRONICS 


GENERAL DESCRIPTION (Continued) 


Two 16 bit MultiFunction Timers, each with an 8 bit 
Prescaler and 13 operating modes allow simple use 
for complex waveform generation and measure- 
ment, PWM functions and many other system tim- 
ing functions by the usage of the two associated 
DMA channels for each timer. In addition there is an 
8 channel Analog to Digital Converter with integral 
sample and hold, fast 11s conversion time and 8 
bit + 1/2 LSB resolution. An Analog Watchdog fea- 
ture is included for two input channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375,000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS indi- 
cates that address, Read/Write (R/W), and Data 
Memory signals are valid for program or data mem- 
ory transfers. Under program control, AS can be 
placed in a high-impedance state along with Port 0 
and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 foreach memory transfer. During a write 
cycle, data out is valid at the leading edge of DS. 
During a read cycle, Data In must be valid prior to 
the trailing edge of DS. When the ST9040 accesses 
on-chip memory, DS is held high during the whole 
memory cycle. It can be placed in a high impedance 
state along with Port 0, Port 1, AS and R/W. 


3T9040 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for external 
memory transactions. R/W is low when writing to 
external program or data memory, and high for all 
other transactions. It can be placed in a high imped- 
ance state along with Port 0, Port 1, AS and DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation of 
RESET, program execution begins from the Program 
memory location pointed to by the vector contained 
in program memory locations 00h and Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 


- inverter. 


AVpbp. Analog Vpp of the Analog to Digital Converter. 
AVss. Analog Vss of the Analog to Digital Converter. 
Vpp. Main Power Supply Voltage (5V + 10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0- 
P4.7, P5.0-P5.7, P7.0-P7.7 //O Port Lines 
(Input/Output, TTL or CMOS compatible). 8 lines 
grouped into 1/O ports of 8 bits, bit programmable 
under program control as general purpose I/O or as 
Alternate functions (see next section). 


I/O Port Alternate Functions 


Each pin of the I/O ports of the ST9030 and ST9031 
may assume software programmable Alternative 
Functions as shown in the Pin Configuration Draw- 
ings. Due to Bonding options for the packages, 
some functions may not be present, Table 1 shows 
the Functions allocated to each I/O Port pins and a 
summary of packages for which they are available. 
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PIN DESCRIPTION (Continued) 


Table 1. ST9040 I/O Port Alternate Function Summary 


ae tame 


A0/DO 


Pin 
Assignment 


Alternate Function 


| Port. bit | 

i 
[roe | aaroe 
[ros 
) 

[ros : 


> 
O 
o 


Address/Data bit 5 mux 


Address/Data bit 4 mux 


i 
QiQ 
0/9 
o;o 


Address/Data bit 6 mux 


O 
/O 
/O 
/O 
VO 
0 
/O 


=o 
2 
) 


30 | 
| 
[0 


U0 
— 
> 
— 
oO 


External Interrupt 3 


Handshake Read Strobe P5 
Program/Data Space Select 


Handshake Read Ready P5 


MF Timer 1 Input A 
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PIN DESCRIPTION (Continued) 
Table 1. ST9040 I/O Port Alternate Function Summary (Continued) 


i pram | maton 


p35 | TiouTA | | MF TimertOuputa | tC 
peas | Tne | | MF TimertinptB | 
p37 | trou, | | MF Timert OuptB | 
jp4o | ano | | | AD Analoginpsto | 
Prat Pane eg putt 

ppaz | ana | | ADAnaloginput2 | 
7 YY 
[pss fans | | | AD Analoginput5 | CY 
pag | anes | |_| AD Analog Input 57 

A/D Analog Input 7 - 

/O I/O Handshake Port 5 

P5.1 ae vO VO Handshake Port 5 

ee ed VO Handshake Port 5 


1/0 Handshake Port 5 
I/O Handshake Port 5 
I/O Handshake Port 5 
I/O Handshake Port 5 
I/O Handshake Port 5 
SCI Serial Input 


sin 
| P74 «| ROMless | ~——'1_~—_—«|.s ROMlesss Select (Mask option) 
| p72. sf NTA | External Interrupt 4 
P7.2 | tTxcLkK =| ss SC Transmit Clock Input 
| P72 | ciKouT =| ~=— Oo ~—_|_ SCI Byte Syne Clock Output 
eee ee ey mee External Interrupt 5 
| p73] RXCLK | SCI Receive Clock Input 
| p73. = | apTRG——id| A/D Conversion Trigger 
| p74 sf nto (ite ] External Interrupt 6 
|P74 (dL PHCdEC Program/Data Space Select 
|p75) = (isd] WATtC“‘<‘$R’ External Wait Input 
| p76 = =6Ss | BUSREG =| External Bus Request 
ppz7 | wo || TWD Input 
| p77 sd BUSACK =| isd External Bus Acknowledge 


Pin 
Assignment 


Alternate Function 
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ST9040 CORE 


The Core or.Central Processing Unit (CPU) of the 
ST9040 includes the 8 bit Arithmetic Logic Unit and 
the 16 bit Program Counter, System and User Stack 
Pointers. The microcoded Instruction Set is highly 
optimised for both byte (8 bit) and word (16 bit) data, 
BCD and Boolean data types, with 14 addressing 
modes. Two 8 bit I/O ports are connected to the 
Core module for external memory interfacing, while 
a 16 bit Timer/Watchdog gives system security and 
timing functions, and a Serial Peripheral Interface 
allows for synchronous communication. Three inde- 
pendent buses are controlled by the Core, a 16 bit 
Memory bus, an 8 bit Register addressing bus and 
a 6 bit Interrupt/DMA bus connected to the interrupt 
and DMA controllers in the on-chip peripherals and 
the Core. This multiple bus architecture allows a 
high degree of pipelining and parallel operation 
within the ST9040, giving it its efficiency in both 
numerical calculations and communication with the 
on-chip peripherals. 


Figure 3. Memory Spaces 


64K 
PROGRAM 
MEMORY 


REGISTER 


FILE 


MEMORY 


The memory of the ST9040 is functionally divided 
into two areas, the Register File and Memory. The 
Memory is divided into two spaces, each having a 
maximum of 65,536 bytes. The two memory spaces 
are separated by function, one space for Program 
code, the other for Data. The ST9040 16K bytes of 
on-chip ROM memory are selected at memory ad- 
dresses 0 through 3FFFh (hexadecimal) in the 
PROGRAM space. The DATA space includes the 
512 bytes of on-chip EEPROM at addresses 0 
through 1FFh and the 256 bytes of on-chip RAM 
memory at memory addresses 200h through 2FFh. 


Off-chip memory, addressed using the multiplexed 
address and data buses (Ports 0 and 1) may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function, allowing a 
full 128K byte memory. 


64K 
DATA 
MEMORY 


VA00430 
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MEMORY (Continued) 


The memory spaces are selected by the execution 
of the SDM and SPM instructions (Set Data Memory 
and Set Program Memory, respectively). There is 
no need to use either of these instructions again 
until the memory area required is to be changed. 
This requirement is not necessary in two cases: 
first, when operating with external stacks (the Data 
memory is automatically selected) and, secondly, 
when using the memory indirect to memory indirect 
post-increment addressing mode (the memory 
types are specified in the instructions: LDPP, 
LDPD, LDDP, LDDD). 


Either the Data Memory or the Program Memory 
can be addressed using any of the memory ad- 
dressing modes. 


Program Space Definition 


The Program memory space of the ST9040, from 
the 16K bytes of on-chip ROM memory to the full 
64K bytes with off-chip memory expansion is fully 
available to the user. At addresses greater than the 
first 16K of program space, the ST9040 executes 
external memory cycles for instruction fetches. The 
first 256 memory locations from address 0 to OFFh 
(hexadecimal) hold the Reset Vector, the Top-Level 
(Pseudo Non-Maskable) interrupt, the Divide by 
Zero Trap vector and, optionally, the interrupt vector 


Figure 5. ST9040 Memory Map 


INTERNAL 


EXTERNAL 


PROGRAM SPACE 


VROOI354 


ST9040 


table for use with the on-chip peripherals and the 
external interrupt sources. Each vector is con- 
tained in two consecutive byte locations, the high 
order address held in the lower (even) byte, the low 
order address held in the upper (odd) byte, forming 
the address which is loaded into the Program 
Counter when selected by the interrupt vector pro- 
vided by the interrupt source. This should point to 
the relevant Interrupt Service routine provided by 
the user for immediate response to the interrupt. 


Data Space Definition 


The ST9040 addresses the 512 bytes of on-chip 
EEPROM memory in the Data Space from ad- 
dresses 0 to 511 (00h to 1FFh) and the 256 bytes 
of on-chip RAM memory from addresses 512 to 768 
(200h to 2FFh). It may also address up to 64,768 
locations of External Data through the External 
Memory Interface when decoded with the P/D pin. 
The on-chip general purpose Registers may be 
used as additional RAM memory for minimum chip 
count systems. 


The Data Space is selected by the execution of the 
SDM instruction. All subsequent memory refer- 
ences will access the Data Space. When a separate 
Data Space is not required, data may stored in 
external RAM or ROM memory within the Program 
Space. 


768 
512 RAM 


PROM 
0000 


INTERNAL EXTERNAL 


DATA SPACE 
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MEMORY (Continued) 


ROMless Option 


In the event of a program revision being required 
after the development of a ROM-based ST9040, a 
mask option is available which enables the recon- 
figuration of the memory spaces to give a fully 
ROMless device. This means that the on-chip pro- 
gram ROM is disabled and ALL PROGRAM mem- 
ory is seen as external, allowing the use of 
replacement program code in external ROM mem- 
ory. The on-chip EEPROM and RAM memory in 
DATA space is not affected. 


To give the ROMless function (when enabled by the 
MASK option), the enabled pin, marked ROMless 
as an Alternate Function, should be held to ground 
(Vss) with a high resistance (eg 100k ohm) during 
the RESET cycle. The pin status is latched on the 
rising edge of the RESET input. After this time, the 
pin is free for normal operation. 


If the ROMless option is enabled, and the on-chip 
program is to be used, the pin enabled for the 
ROMless function must to held to a high potential 
during the RESET cycle (eg with a 100k ohm resis- 
tor to Vpp). 


Figure 6. ROMless Selection 
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DATA 


ROMLESS 
SELECT 
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REGISTERS 


The ST9040 Register File consists of 240 registers 
(224 general purpose) plus pages of 16 registers 
supporting the configuration and control registers 
for the on-chip peripherals. The 224 general pur- 
pose registers all have 8 and 16 bit arithmetic 
capability and may be used as accumulators, on- 
chip RAM, internal Stack areas (for system and/or 
user stacks), or, with the appropriate addressing 
modes, as index, offset or stack pointers. 


The register file is arranged into 16 groups of 16 
registers, where the general purpose registers oc- 
cupy the first 14 groups. The 15th group, E, con- 
tains the system registers and Group F contains the 
pages of the on-chip peripheral control registers. 


Figure 7. Register Grouping 
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REGISTERS (Continued) 


Figure 8. Page Pointer Mechanism 
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Group F is paged in this manner due to the modu- 
larity of the ST9 family of microcontrollers. Each 
member of the family retains all general purpose 
and system registers, only the paged register 
groups changing owing to the different on-chip pe- 
ripheral organizations of each device. The user can 
therefore generate code libraries which use the 
general purpose registers knowing that they will not 
be lost on future ST9 devices. To address a paged 
register, the Page Pointer (PPR, R234) within the 
system register group must be loaded with the 
relevant page number using the SPP instruction. 
Subsequently any access to registers in the top 
group (R240-R255) will refer to the selected page. 
This remains set until the next change to the Page 
Pointer register (by the SPP instruction). 


The System group (Group E, registers REO to REF) 
includes the system and user stack pointers, the 
Mode register, the ALU FLAG register and the Page 


ST9040 


pointer register. In addition the data registers for the 
first 5 /O ports are present, the configuration reg- 
isters for the ports being in the paged area. This 
allows the immediate access to the I/O ports at all 
times. 


The Register Pointers, present in the system register 
group, select groups of registers as "Working Reg- 
isters", which have faster addressing modes than 
direct Register addressing and allows smaller code 
size. The Register Pointers may either be used 
singly, creating a register group as 16 working reg- 
isters, or as two independent groups of 8 working 
registers which may be placed at any 8 register 
boundary within the register file. The single and twin 
working register modes are automatically set by 
hardware when the respective SRP and either SRPO 
or SRP1 instructions are executed. If working regis- 
ters are used as accumulators and RAM locations 


_ for particular tasks, fast context switching on inter- 


rupts may be achieved by setting the register pointer 
to another group for the Interrupt Service Routine, 
ISR, (e.g. saving the Register pointer on the stack), 
using the new group in the ISR and subsequently 
restoring the original group before the return from 
Interrupt instruction. Working registers also allow the 
use of the ABAR - Any Bit-Any Register Boolean 
operations (including directly on the I/O port data 
registers). | 


Table 2. Group E Register Map 


System Stack Pointer Low (SSPLR) 
System Stack Pointer High (SSPHR) 
) 
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REGISTERS (Continued) 


In the ST9 syntax, directly addressed Registers are 
indicated with a capital R e.g. RO, R224, RBF, with 
Register Pairs (16 bit accumulators or memory poin- 
ters) as RRO, RR24. When using Working Registers, 
groups of 16 registers (SRP instruction) are denoted 
as rO to r15 (rrO to rri4), while the dual working 
register group are addressed as 10 to r7 (rr0 to rr6), 
for the first group of 8 registers (SRPO), with r8 tor15 


Figure 9. ST9040 Group F Peripheral Organisation 
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(rr8 to rri5) for the second set (SRP1). Working 
register addressing requires a 4 bit field within the 
instruction. When packed into a byte, the upper 
nibble is set to Dh (1101b), this being the escape 
code to indicate the use of the working registers. As 
a result, group D CANNOT be selected with direct 
register addressing, it is recommended that this 
group be used as internal stacking area when using 
register file based system or user stack pointers. 
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REGISTERS (Continued) 


Figure 10. Single Working Register Bank 
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STACK POINTERS 


There are two separate, double register stack poin- 
ters available (System and User), both of which can 
operate in register or Data memory address 
spaces. These operate in a Pre-Decrement mode 
when data is PUSHed onto the Stack and in a 
Post-Increment mode when data is PoPed from the 
stack. 

The SYSTEM Stack Pointer (SSPR, R238:R239) is 
used for the storage of temporarily suspended sys- 
tem and/or control registers (ie the the Program 
Counter and FLAG register) while interrupts are 
being serviced, and is used for the storage of the 
Program Counter following the CALLing of a sub- 
routine. The USER Stack Pointer (USPR, 
R236:R237) is completely free from all interference 
from automatic operations and so provides for a 
totally user controlled stack area. 


Both Stack pointers may operate with both byte 
(PUSH, POP) and word (PUSHW, POPW) data, and 


Figure 11. Dual Working Register Banks 
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are differentiated by appending a "U" to the instruc- 
tion mnemonic for the User Stack (PUSHU/PU- 
SHUW, POPU/POPUW). 


When the Stack Pointers are using RAM Memory 
as the stack areas, a full word register is used as 
the pointer, while when operating with the stack 
area within the Register File (Groups 0 to 14 only, 
but not the within the system and paged groups) 
only an 8 bit register is required for addressing and 
consequently only the low byte of the word registers 
are used (R239 for the System Stack and R237 for 
the User Stack). In this latter case the upper byte of 
the stack pointer registers (R238 and R236) must 
be considered as reserved. The Stack Pointers may 
be selected to point to RAM or Register File by the 
setting of the SSP (MODER.7) and uSP (MODER.6) 
of the ST9040 configuration register (MODER, 
R235) where a 1 denotes Register file operation 
(Default at Reset) and 0 causes Data space oper- 
ation. 
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STACK POINTERS (Continued) 


Figure 12. Internal Stack Pointers 
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INTERRUPTS 


The ST9040 offers a powerful solution to the re- 
sponse requirements of real-time systems with its 
advanced interrupt structure. Interrupt trigger sour- 
ces can be prioritized within 8 levels to match the 
priorities assigned to the application. In addition a 
top-level or non-maskable interrupt is available. 
The ST9040 interrupts follow the logical flow of 
Figure 14. 


Interrupt events (selectable with each function) 
cause the setting of the Interrupt Pending (IP) bit 
within the status register of the peripheral. This bit 
may also be set by software in order to generate a 
software interrupt, and should normally be reset by 
software within the interrupt service routine. If the 
interrupt is not Masked with the corresponding In- 
terrupt Mask bit, the interrupt is passed to the 
central interrupt control logic where the priority level 
assigned by the programmer to the interrupt Source 
is compared with the priority level of the core (user 
programmed dynamically in the 3 bits of the Central 
Priority register (CPL, CICR.0-2, Level 7 is the 
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Figure 13. External Stack Pointers 
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lowest priority and level 0 the highest). If the incom- 
ing priority level is higher than the CPL, and Global 
Interrupts are enabled (by the EI instruction, inter- 
rupts are disabled by the execution of the DI in- 
struction), the interrupt is acknowledged. If 
interrupts are globally disabled, the priority level of 
the source is lower than or equal to the CPL or the 
Interrupt is masked, then the IP bit remains set and 
the interrupt is held pending until the EI instruction 
is executed, the CPL is set to a lower level AND the 
interrupt is un-masked. Alternatively the IP bit of a 
masked interrupt Source may be used in a polled 
interrupt environment, with the IP bit being reset by 
software within the service routine. 


The interrupt acknowledge cycle causes the Pro- 
gram Counter and FLAGS register to be pushed 
onto the System Stack (PC low byte first, PC high 
byte, then FLAGS Register) and all maskable inter- 
rupts to be disabled by resetting the IEN bit 
(CICR.4). The peripheral Interrupt Vector, IVR, a 
user programmable feature of the peripheral inter- 
rupt control registers, is used as an offset into the 
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Figure 14. Interrupt Logic 
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vector table, pointing to the high byte (even ad- 
dress) of the 16 bit address which should contain 
the starting address of the interrupt service routine. 
Addresses 0 through 255 of the program space 
comprise the interrupt vector table. Where multiple 
interrupt sources may occur within a peripheral, the 
peripheral interrupt vector source may be encoded 
by hardware set bits within the IVR register. This 
means that the vector address defined in the pe- 
ripheral IVR is the base address for a block of 
vectors servicing that peripheral. The address 
pointed to by the vector is loaded into the Program 
Counter and execution restarts from this point. 


The interrupt service routine should clear the inter- 
rupt pending flag of the interrupt source and take 
the appropriate action. The last instruction of the 
interrupt service routine should be the IRET instruc- 
tion, the action of this is to restore the Program 
Counter and Flags register to their value prior to the 
interrupt acknowledgment, and to re-enable inter- 
rupts. Within the interrupt service routine, use may 
be made of the working register pointer mechanism 
to reduce the context switching time. 
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Two interrupt arbitration modes are available for 
use with the 8 level priority scheme, Nested and 
Concurrent modes. These are selected by the 
status of the IAM bit (CICR.3). 


Concurrent mode, selected when IAM =0 (the reset 
condition) is the standard interrupt arbitration mode, 
where the arbitration phase of every instruction 
acknowledges interrupts according to their priority 
level (if higher than the CPL) and follows the se- 
quence shown above. All pending interrupts exist- 
ing or having eventually occurred during interrupt 
service routine execution, remain pending until the 
Enable Interrupt instruction (EI) (even if it is ex- 
ecuted during the interrupt service routine). EI 
within the interrupt service routine is not recom- 
mended for use with the Concurrent arbitration 
mode as this can trigger a Last In, First Out condi- 
tion where high priority interrupts are masked by 
lower priority interrupts which are all higher than the 
CPL value. 
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INTERRUPTS (Continued) 


Figure 15. Interrupt Vector Table Usage 
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Nested Mode, selected when IAM = 1, uses the 
same arbitration phase as concurrent mode, the 

. difference being that the CPL is modified during the 
interrupt processing cycle to that of the acknow- 
ledged interrupt level. The CPL value is pushed by 
hardware into the Nested Interrupt Control register 
(NICR, R247 page 0) by setting the NICR bit corre- 
sponding to the CPL value. The interrupt service 
routine is entered in the normal.manner. The re- 
vised CPL level is used for arbitration of further 
interrupts, each higher level being saved on the 
NICR stack, and being restored automatically by 
hardware with the RETTI instruction. This allows the 
execution of the EI instruction within the interrupt 
service routine to operate the correct nesting of 
interrupts. The two modes are shown graphically in 
Figure 16, where the Y axis shows the CPL value. 
It should be noted that the INT1 will not be acknow- 
ledged until the CPL level is programmed to a lower 
level. 
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Interrupts coming from on-chip sources at the same 
instant are resolved during the arbitration phase 
according to a hardware daisy-chain. This follows 
the priorities of the table 3. 


Table 3. ST9040 Interrupt Hardware Daisy Chain 


INTA High Priority 
INTB Lowest Priority 
INTC 

INTD 
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INTERRUPTS (Continued) 


Figure 16. Interrupt Modes Example of Usage 
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External Interrupts. Up to 8 external interrupts are 
available on the ST9040 as alternate function in- 
puts of I/O pins. These may be selected to be 
triggered on rising or falling edges and can be 
independently masked. The eight interrupt sources 
are grouped into four pairs or channels which can 
be assigned to independent interrupt priority levels. 


Table 4. External Interrupt Channel Grouping 
External 
INT7 INTD1 
INT6 INTDO 
INT5 INTC1 
INT4 INTCO 
INT3 INTB1 
INT2 INTBO 
INT4 INTA1 
INTO INTAO 
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Within each channel the even interrupt number 
takes the even priority level and the odd channel 
the odd priority level (even+1). 


Several of the External Interrupt channels have their 
inputs selectable between the external interrupt 
source and on-chip peripheral sources. 


Table 5. ST9040 External Interrupt Source 
—_— 


Fo INTO 
Timer/Watchdog ee 
ee Soe of Count 


PINT 
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SPI Interrupt 
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INTERRUPTS (Continued) 


Top Level Interrupt. The Top Level Interrupt chan- 
nel can be assigned either to the external NMI pin 
or to the Timer/Watchdog output. When selected as 
the external NMI pin, the active edge may be pro- 
grammed to be rising or falling. The TLI event will 
cause the setting of the TLIP bit (CICR.6) and 
according to the mask situation, a Top Level Inter- 


Figure 17. Top-Level Interrupt Structure 
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rupt request may be generated. Two masking con- 
ditions are available, a Maskable Mask and a Not- 
Maskable Mask. 


The Maskable Top Level Interrupt may be enabled 
or disabled by software and follows the state of the 
Global Interrupt Enable bit IEN (CICR.4), while the 
Not-Maskable Mask bit (TLI, CICR.5) is a set-only 
mask. Once set, the Top Level Interrupt is active 
independently of IEN and cannot be disabled until 
the next Reset cycle. 
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DMA 


The ST9040 has on-chip DMA channels to provide 
high-speed data transaction between peripherals 
and Memory or Register File. Multi-channel DMA is 
fully supported because each peripheral can have 
its own DMA channel(s). Each DMA channel trans- 
fers data to/from contiguous locations of the Regis- 
ter File, Program Memory or Data Memory. The 
maximum number of transactions that each DMA 
channel can perform is 222 if the Register File is 
selected and 65536 if Program or Data Memory are 
selected. 


DMA transfer to (or from) the Register File takes 8 
INTCLK cycles, DMA transfer to (or from) Memory 
takes 16 INTCLK cycles. If the ST9040 is in the idle 
mode (following the execution of the WFI instruc- 
tion), DMA requests are acknowledged according 
to their priority and control is returned to the idle 
mode pending an interrupt, this operation increases 
the number of INTCLK cycles by 2 for both Register 
File and Memory DMA transactions. 


Figure 18. DMA Between Registers and Peripheral 
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Each DMA channel has its own control registers 
located in the page(s) related to the peripheral. 
There are two pointer registers, DAPR which points 
to a register or register pair containing the current 
DMA address to/from which data will be transferred, 
and DCPR, which points to a register or register pair 
which contain the transaction counter for the DMA 
operations. Each DMA transfer consists of three 
operations: 


- A load from/to the peripheral data register to a 
location of Register File (or Memory) addressed 
through the DMA Address Register (or Register 
Pair) 

- Apost-increment of the DMAAddress Register (or 
Register Pair) 


- Apost-decrement of the DMAtransaction counter, 
which contains the number of transactions that 
have still to be performed. 


END OF BLOCK 
INTERRUPT 
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DMA (Continued) 


When the transaction counter reaches 0 (all data 
has been transferred) an End of Block Interrupt is 
generated to allow the processing of the DMA data 
block, or, by reloading the Address and counter 
registers and retriggering, a repeated DMA cycle. 


A SWAP mode, allowing continuous DMA oper- 
ation, is available for the Multifunction Timer and is 
described in the section relating to the Multifunction 
Timer. 


Figure 19. DMA Between Memory and Peripheral 
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The ST9040 has DMAchannels associated with the 
Serial Communications Interface Input and Output 
Serial data channels, the 16 bit Load/Capture Reg- 
ister 0, CAPTOR, of each Multifunction Timer allow- 
ing the timing of external signals to be captured into 
a table for off-line analysis or for the automatic 
output of PWM signals of variable width and timing, 
and the 16 bit Comparison Register 0, COMPOR, 
of each Multifunction Timer which can be pro- 
grammed to cause output or input of parallel data 
through the handshake port 5 under DMA. 
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CLOCK GENERATION, WAIT, HALT AND RESET 
Clock Generation 

The ST9040 Clock Generator module generates 
the internal clock for the ST9 core and the on-chip 
peripherals, it may be driven by an external quartz 
crystal circuit, connected to the OSCIN and OS- 
COUT pins, or by an external pulse generator con- 
nected to OSCIN (Figure 19, Figure 20). 


Figure 19. Crystal Oscillator 
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Figure 21. Internal Clock Circuit 
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The conceptual schematic of the ST9 internal clock 
circuit is shown in Figure 21. 


The maximum external frequency of the ST9 is 
24MHz, while the maximum internal operating fre- 
quency is 12MHz, thus a programmable divide by 
two circuit is present, this allows the use of high 
frequency crystals for economy, or low frequency 
crystals for reduction in radiated noise. This divider 
is active upon exit from the reset condition, the user 
may bypass the divide by two circuit by setting the 
DIV2 bit (MODER.5). 


Figure 20. External Oscillator 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


The resulting clock from this section is named 
INTCLK, the internal clock which drives the time- 
bases of the on-chip clock for the ST9040 periph- 
erals (eg the Multifunction Timer, Timer/Watchdog, 
Serial Communications Interface) and also the 
input of the CPU prescaler section. The CPU of 
the ST9 includes the instruction execution logic 
and may run at different rates according to the 
setting of the PRS2, PRS1 and PRSO bits 


Figure 22. CPUCLK Prescaler 
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(MODER.4-2) (Figure 22). The resulting clock is 
named CPUCLK and it should be noted that this 
does not maintain a 50% duty cycle, but stretches 
the high level of the clock until completion. The 
CPUCLK prescaler allows the user to slow down 
the program execution time (eg for lower power 
consumption), while time-critical sections of the 
program may tune the CPUCLK execution speed 
to high speed and then restore it to its original 
speed. 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


Wait States 


The output from the prescaler can also be affected 
by wait states. Wait states from two sources allow 
the user to tailor timing for slow external memories 
or peripherals. 


The internal Wait State generator will insert from 0 
to 7 wait states, independently programmable for 
both Program and Data Spaces via the Wait Control 
Register WCR (R252, page 0). The second source 
of wait states is the external Wait input pin when 
enabled as the Alternate Function. Figure 23 
shows the External Memory Interface timing as it 
relates to CPUCLK prescaling of 2 and 5 added wait 
states. The added wait states are derived from the 
INTCLK clock cycle, not CPUCLK. Internal memory 
is always accessed with no Wait states. 
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Halt And Wait For Interrupt (WFI) States 


The schematic of the on-chip oscillator circuit is 
shown in Figure 24. The HALT condition, caused by 
the execution of the HALT instruction, disables the 
oscillator, forcing OSCOUT high. This places the 
ST9040 into the lowest power mode. The exit of the 
HALT condition and the restarting of the oscillator 
requires a RESET pulse with a minimum duration 
of 10ms (Figure 25). It must be noted that if the 
TIMER/WATCHDOG has the WATCHDOG mode 
enabled, a HALT instruction will not disable the 
oscillator; this is to avoid stopping the Watchdog if, 
by an error, a HALT instruction is executed. 


When this occurs, the ST9040 runs in an endless 
loop ended by the Watchdog reset. 


Figure 23. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States 
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CLOCK GENERATION, WAIT, HALT AND RESET 
(Continued) 


Figure 24. Oscillator Schematic 
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The wFI (Wait for Interrupt) instruction suspends 
program execution until an interrupt request is ac- 
knowledged. During this period, DMA transactions 
are allowed if their priority is higher or equal to the 
CPL level, the ST9040 returns to WFI mode after 
completion of the DMA transfer. The CPUCLK is 
halted during Wait For Interrupt while INTCLK con- 
tinues to run, thus the power consumption of the 
processor is lowered by the CORE power consump- 
tion value. The External’ Memory Interface lines 
elk during HALT and WFI modes is shown in 
able 6. 


Table 6. External Memory Interface Line Status 
During WFI and Halt 
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Figure 25. Reset Timing Requirements from Halt State 
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RESET 


The processor Reset overrides all other conditions 
and forces the ST9040 to the reset state. During 
Reset, the internal registers are set to their Reset 
values, as shown in Table 7 for the system and 
Page 0 Registers. The I/O Ports pins are set to the 
Bidirectional Weak Pull-up mode. The programmer 
must then initialize the ST9040 registers to give the 
required functions. 


The Reset condition can be generated from the 
external RESET pin or by the on-chip 
TIMER/WATCHDOG operating in Watchdog mode. 
To guarantee the complete reset of the ST9040, the 
RESET input pin must be held low for at minimum 
of 53 crystal periods in addition to the crystal start- 
up period. The Watchdog RESET will occur if the 
Watchdog mode is enabled (WDEN, WCR.6, is 


Table 7. System and Page 0 Reset Values 


Register System Register 
Number Reset Value 


(SSPLR) = undefined 


(Reg Ptr 1) = undefined 


(PORTS) = FFh 


ky SGS-THOMSON 


a 
Sn 
a 


(Reg Ptr 0) = undefined (WDTHR) = undefined 
(FLAGR) = undefined (NICR) = 00h 
(CICR) = 87h (EIVR) = x2h 
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reset) and if the programmed period has elapsed 
without the code OAAh,55h written to the appropri- 
ate register. The input pin RESET is not driven low 
by the on-chip reset generated by the 
TIMER/WATCHDOG. 


During the RESET state, DS is held low and AS is 
toggled with the frequency of the crystal (OSCIN) 
divided by 32. This condition may be recognized by 
external peripherals as a Reset condition. It may 
also be used to enable the synchronization of 
multiple ST9040 running from the same clock in a 
multi-processing or high security majority voting 
system. 

Once the RESET pin reaches a logical high, the 
$T9040 fetches the starting address from locations 
O and 1 of the program space and begins program 
execution from this address after 67 crystal cycles. 


Page O Register . 
Reset Value 


(WDTLR) = undefined 


(EIPLR) = FFh 
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INTERFACING TO EXTERNAL MEMORY 


External Memory and/or peripherals may be con- 
nected to the ST9040 through its External memory 
interface. This provides the multiplexed Address 
bits AO to A7 and Data bits DO to D7 as Alternative 
Functions of Port 0, and the higher order address 
bits A8 to A15 as Alternative Functions of Port 1, 
giving the full 64K bytes addressing capability. The 
Program/Data (P/D) output, when selected as an 
Alternate function, allows external decoding to pro- 
vide for the two independent pages of 64K bytes for 
Program and Data. Data transfer timing is gener- 
ated by the Address strobe AS and the data strobe 
DS. Address strobe low indicates that the data 


Figure 26. External Memory Addressing Circuit 
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ST9 MCU 


BUS CONTROL 


Multi-processing or external program testing may 
be accomplished by disabling the I/O ports used for 
external memory addressing and the associated 
timing signals. 


High Impedance Mode 


The programmer may place the External Memory 
Interface (I/O ports 0 and 1, Address Strobe, Data 
Strobe and Read/Write) into the high impedance 
. State by setting the HIMP bit (MODER.0). External 
test equipment may then drive the memory lines for 
automatic test, external memory validation or pro- 
gramming. The ST9 will continue to execute internal 
programs, providing no external memory is ad- 
dressed, allowing the execution of security routines 
without showing the externally the addresses used. 
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present on ADO to AD7 is the low order address and 
is guaranteed valid on the rising edge of AS allowing 
for latching of the address bits by an external latch. 
Data transfer direction is indicated by the status or 
the Read/Write (R/W) pin, for write cycles (R/W 
low), data out is valid at the falling edge of DS, for 
read cycles (R/W high), data in must be valid prior 
to the rising edge of DS. The Data Strobe low period 
may be extended to accomodate slow external 
devices by the adding of internally generated wait 
cycles (0 to 7 cycles for both program and data 
memory maps) or by an external input on the WAIT 
input pin also available as an-Alternative Function 
of an I/O bit. Suggested interface circuits are shown 
in Figure 26. 


ADO-AD7 


ALE 
M87C257 
32K 
LATCHED 
EPROM 


AB—Al14 
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Bus Request/acknowledge 


The External Memory Interface address ports and 
timing signals may be forced to their high imped- 
ance state by utilizing the BUSREQ, Bus Request, 
and BUSACK, Bus Acknowledge, signals available 
as Alternate Functions of two I/O pins (please refer 
to the pin configuration drawings for availability of 
these lines for the package chosen). The signals, 
BUSREQ and BUSACK, must be enabled by set- 
ting the BRQEN bit (MODER.1). 


Once enabled, alow level detected on the BUSREQ 
pin at the start of an internal machine cycle will 
cause the stretching of the CPUCLK, and BUSACK 
to go low indicating that the External Memory Inter- 
face is disabled. The BUSREQ pin is then continu- 
ously monitored, and when sampled high, the 
External Memory Interface pins are driven by the 
ST9 within two INTCLK cycles. 
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EEPROM 


The EEPROM of the ST9040 has been im- 
plemented in a high reliability technology developed 
by SGS-THOMSON, this, together with the double 
bit structure, allow the 300k Erase/Write cycles and 
10 year data retention to be achieved on a micro- 
controller. 


Control! of the EEPROM is performed through one 
register mapped at register address R241 in Page 
0. The EEPROM memory is read as normal RAM 
memory at Data Space addresses 0 to 1FFh, while 
a byte write cycle to the EEPROM will cause the 
start of an ERASE/WRITE cycle at the addressed 
location. The programming cycle is self-timed, with 
a typical programming time of 6 msec. The voltage 
necessary for programming the EEPROM is inter- 
nally generated with a +18V charge pump circuit. 
Word (16 bit) writes are not allowed. 


The EEPROM ENABLE bit EEWEN must first be 
set before writing to the EEPROM. When this bit is 
low, attempts to write data to the EEPROM have no 
affect, this prevents any spurious memory ac- 
cesses from affecting the data in the EEPROM. 


Termination of the write operation can be detected 
by polling on the BUSY status bit, or by interrupt, 
taking the interrupt vector from the External Inter- 
rupt 4 channel. The selection of the interrupt is 
made by EEPROM Interrupt enable bit JEN. It 
should be noted that the Mask bit of External Inter- 
rupt 4 should be set, and the Interrupt Pending bit 
reset, before the setting of IEN to prevent unwanted 


Figure 27. EEPROM Row Mapping Structure 
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interrupts. A delay (eg a NOP instruction) should 
also be included between the operations on the 
mask and pending bits of External Interrupt 4. If 
polling on BUSY is used, a delay of 6 INTCLK clock 
cycles is necessary after the end of programming, 
this can be a NOP instruction or, normally, the 
required time to test the BUSY bit and to branch to 
the next instruction will be sufficient. While BUSY is 
active, any attempt to access the EEPROM matrix 
will be aborted and the data read will be invalid. 
BUSY is a read only bit and cannot be reset by the 
user if active. 


Up to 16 bytes of data may be programmed into the 
EEPROM during the same write cycle by using the 
PARALLEL WRITE function. The constraint is that 
each of the bytes occur in the same ROW of the 
EEPROM memory (A4 constant, A3-A0 variable), 
Figure 27. To operate this mode, the Parallel Mode 
enable bit, PLLEN, must be set. The data written is 
then latched into buffers (at the addresses speci- 
fied, which may be non-sequential) and then trans- 
ferred to the EEPROM memory by the setting of the 
PLLST bit of the control register. Both PLLST and 
PLLEN are internally reset at the end of the pro- 
gramming cycle. Any attempt to read the EEPROM 
memory when PLLEN is set will give invalid data. 
In the event that the data in the buffer latches is not 
required to be written into the memory by the setting 
of PLLST, the correct way to terminate the operation 
is to reset PLLEN and to perform a dummy read of 
the EEPROM memory. This termination will clear all 
data present in the latches. 


ADDRESS 


1FOh — 1FFh 


1EOh — 1EFh 


a a 
Rae RRS ERR REE. 
Ee ee 
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. EEPROM (Continued) 


An erased bit of the EEPROM memory will read as 
a logic "0", while a programmed cell will be-read as 
a logic "1". For applications requiring the highest 
level of reliability, the Verify Mode, set by EEPROM 
control register bit VRFY, allows the reading of the 
EEPROM memory cells with a reduced gate voltage 
(typically 20%). If the EEPROM memory cell has 
been correctly programmed, a logic "1" will be read 
with the reduced voltage, otherwise a logic "0" will 
be read. A standby mode is also available which 
disables all power consumption sources within the 
EEPROM for low power requirements. When STBY 
is high, any attempt to access the EPPROM mem- 
ory will produce unpredictable errors. After the re- 
enabling of the EEPROM (STBY = "0"), a delay of 
6 INTCLK cycles must be allowed before the selec- 
tion of the EEPROM. 


SECURITY FEATURES 


The ST9040 allows the prevention of external pro- 
gram sources from reading the on-chip memories 
through its Security Register. This allows the pro- 
grammable disabling of the buffers between the 
on-chip memory and the external address and data 
lines and prevention of DMA from operation with 
internal memory sources. 


Two levels of hardware protection are available 
allowing the user to select the level of security 
required in the application. Each memory element 
on-chip (ROM, RAM, EEPROM) has an inde- 
pendent protection enable selectable for each level. 


The protection enable options are selectable by 
metal mask during manufacture and are activated 
by the programming of fuses presentin the Security 
Register mapped at register OFFh of I/O page 59 
decimal (8Bh). These fuses are based on EEPROM 
technology and require a high voltage to program 
the fuse. In the ST9040, this is supplied by the 
charge pump present in the EEPROM memory, so 
that the EEPROM must be in an active state (STBY 
low), before security fuse programming is activated. 
The Security fuses are TESTLOCK (TLCK) and 
HARDWARE LOCK (HLCK). These are both one- 
time programmable, once these are programmed 
THE PROTECTION CANNOT BE DISABLED, so 
care must be made in the use of this feature. 
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Testlock 


The TESTLOCK protection level may be pro- 
grammed by SGS-THOMSON during the manufac- 
turing cycle, if requested, or may be programmed 
by the user before the release of the end equip- 
ment. If programmed by SGS-THOMSON, the user 
must include in the masked ROM the routines to 
program the RAM and EEPROM. The Reset vector 
must also be provided. There is no possibility to test 
the ST9040, or to use external memory to program 
the RAM and EEPROM (unless a ROMLESS option 
is enabled), once this bit is programmed. The TLCK 
bit may also be programmed by the user after the 
internal read/write memory has been programmed. 
This may be achieved by using an external program 
with the ST9040 set into its test mode (consult 
SGS-THOMSON for further information). 


The TESTLOCK level of protection allows the basic 
protection of the user-designated on-chip memory 
e.g. the ROM contents, while, optionally, allowing 
the further programming of the RAM and EEPROM 
memory from external programs. 


Hardware Lock 


The HARDWARE lock protection level is provided 
to give a final high security protection after the 
programming of the internal memory (e.g. access 
codes, serial numbers or PIN codes). If the on-chip 
memory has been mask selected for protection by 
this level, then the programming of the HLCK bit will 
give the full protection. 


WARNING: THIS IS TOTAL PROTECTION, there 
is no method to access or test on-chip memory from 
any external source once this level is programmed. 


A third fuse is present in parallel with HLCK, and is 
used by SGS-THOMSON as part of the final device 
check to test the security functions. This fuse bit is 
selected by setting F2TST, which can allow the 
verification of the hardware security protection be- 
fore resetting F2TST to allow the programming of 
the Hardware lock. 


When the Testlock and Hardware lock bits are 
virgin, the value read from the bits are the value 
previously written, allowing verification of the oper- 
ation of the protection mechanism. The fuses are 
programmed by setting the appropriate Write Fuse 
bit (WF1 for TLCK and WF2 for HLCK) and making 
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SECURITY FEATURES (Continued) 


Figure 28. ST9040 Security Mask Options 


HARDWARE it | SZ a SZ 
aN 


SZ 
VAN 


NO 
PROTECTION 
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xX = METAL MASK OPTION TO ENABLE PROTECTION 


a dummy read from the EEPROM memory (STBY 
must be active). This triggers the charge pump to 
generate the high voltage necessary to program the 
fuse. The Write Fuse bits must be held to a"1" state 
for the whole of the programming cycle, the end of 
programming may be monitored on the TLCK or 
HLCK bit. 


Software Lock 


A third level of security may be achieved by the 
latching of a third bit, SLCK which provides an 
additional level of security in parallel with the Hard- 
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ware lock. This is provided in the case of a failure, 
by externally induced means, of the EEPROM OTP 
hardware locks. It should also be noted that the 
ST9040 on-chip programmable memories (RAM 
and EEPROM) are mapped into Data Space, pre- 
venting the operation of "Trojan Horse" programs 
(external programs loaded into internal memory to 
bypass the read out protection), and that the High 
Impedance mode can be activated to prevent the 
external address lines of the ST9040 from echoing 
the addresses used by the internal security pro- 
gram. 
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/O PORTS 


Summary Of Function 


For the ST9040, only twelve pins have a Reserved 
function: Vpp, Vss, RESET, AS, DS, R/W, OSCIN, 
OSCOUT, the Analog to Digital Converter Voltage 
references, and the External Interrupt 0 and 7 input 
pins. All other pins are available as Input/Output 
(I/O) for the user, grouped into Ports of 8 bits. 


These may be programmed to be Input, Output, 
Bidirectional or Alternate Function (Peripheral or 
Memory Interface), on a bit by bit basis, at any time. 
When programmed as an Input the pin may be set 
to TTL or CMOS input threshold levels, while, when 
programmed as Output, Push-Pull or Open Drain 
configuration may be selected. The Bidirectional 
mode sets the pin with a weak pull-up resistor to 
Vpp or to Open Drain, allowing bidirectional com- 
munication with external logic. The Alternate Func- 
tion setting is predetermined for each pin as shown 
in the Pin Configuration Table. The circuitry of the 
I/O port allows for several ST9040 peripheral func- 
tions to address, as Alternate Functions, the same 
pin, for both input and output, the programmer 
selects which peripheral function is to be active by 
enabling its individual Input or Output function. This 
multi-function 1/O capability of the ST9040 allows 
for easy adaptation to external circuits. The options 
available for each bit are summarized in Table 8. 


Figure 29. I/O Port Schematic 


1/0 PIN 


PUSH PULL 
TRISTATE 

OPEN DRAIN 
WEAK PULL-UP 


ALTERNATE 
FUNCTION ——O 
(OUT) 


Bidirectional 

ee oer 
The configuration of each general I/O bit of the 
input and output buffers of the pin, and enable the 
ling the function from within the configuration 
Outputs follow a Master/Slave buffer, data is trans- 
is passed to the output latch at the end of the cycle. 


Table 8. I/O Setting Options 
a 
Alternate Function 
I/O Port Configuration 
ST9040 is set by the corresponding bits in three I/O 
Port control registers. These affect the status of the 
Alternate function Outputs. Alternate Function in- 
puts are always connected, and are used by enab- 
registers of the relevant peripheral function. 
The configuration of an I/O bit is shown in Figure 29. 
ferred from the ST9 internal data bus at the begin- 
ning of the machine cycle, and, if enabled as output, 
This synchronization allows for the Bidirectional use 
of the pin without potential conflicts. 


ALTERNATE 
FUNCTION (IN) 


INTERNAL DATA BUS 
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I/O PORTS (Continued) in which the bit is present. The setting of the corre- 
; ; : sponding bit in each register to achieve the desired 

Configuration Registers. Three registers are used —_—_ functionality of the I/O pin is shown in Table 9. 

to allow the setting of each pin, generically PxC2R, 


PxC1R, PxCOR, where x relates to the 8bit /O port ‘The effect of the configuration settings of Table 9 
on the I/O ports structure is shown in Figure 30. 


Table 9. Port Configuration Status Bits 


Pxn Configuration 


Pxn Output 
Pxn Input 
Legend: 
x = Port WP = Weak Push-Pull 
n = Bit OD = = Open Drain 
BID = Bidirectional PP = Push-Pull 
OUT = Output HI = High Impedance 
IN = Input TTL =TILStd wl pes 
AF  =Alternate Function CMOS = CMOS Std Input 
Figure 30. I/O Port Input Configuration Figure 31. I/O Port Output Configuration 
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I/O PORTS (Continued) 
Figure 32. I/O Bidirectional Configuration 
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I/O Register Map 


The Data Registers which correspond to the pin 
status (after configuration) of I/O port O to 5, are 


Figure 34. I/O Register Maps 


Figure 33. I/O Port Alternate Function Config. 
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found in Group E of the Register File, for immediate 
access at all times, while the configuration registers 
and the Data Registers for Additional Ports are 
found within I/O pages (Group F) 2 and 3. 


GROUP E GROUP F PAGE 


DEC HEX DEC 
R255 
R254 
R253 
R252 
R251 
R250 
R249 
R248 
R247 
R246 
R245 
R244 
R243 
R242 
R241 
R240 
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HEX 02 03 

RFF 
RFE 
RFD 
RFC 
RFB 
RFA 
RFS 
RFe 
RF? 
RFE 
RFS 
RFA 
RFS 
RF2 
RF 
RFO 
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I/O PORTS (Continued) 
Handshake and DMA 


I/O Port 5 of the ST9040 is able to support a parallel 
interface port with handshake capability. This 
allows one, two or four wire interconnecting signals 
and facilitates very fast parallel transfer of data for 
input and output, or for the interconnection of pe- 
ripheral devices requiring strobe signals for syn- 
chronization. Table 10 shows the available options 
for input and output status and strobe signals avail- 
able as Alternate Functions of I/O port bits (see Pin 
Configuration). The Handshake configuration is set 
within the Handshake Control Register (HDCnR) for 
the relevant I/O port n. 


Data transfer through the parallel I/O port with 
handshake can also be triggered through a DMA 
channel. Timing is generated by the ST9040 TIMER 
ON-CHIP EVENT strobe signal (see the MULTI- 
FUNCTION TIMER section for information on 
generating these signals), which causes the pro- 
grammed transfer of data to or from the memory 
source which can be Register File, Program space 
memory or Data space memory. An example of 


3T9040 


application of this technique is shown in Figure 35 
a complex stepper motor timing sequence automat- 
ically being transferred from a table in the Register 
File (or memory spaces) to the stepper motor dri- 
vers. This operation being transparent, after initial- 
ization, until the task (complex microstepping) is 
completed. 


Table 10. Handshake Control Signal Options 


Output 
from 
Port 


Bidirectional 


Figure 35. Handshake + DMA Used for Stepper Motor Driving 
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Figure 36. Timer/Watchdog Block Diagram 
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A16 bit down-counter, complete with 8 bit prescaler, 
is integrated into the ST9040 core. This is able to 
operate both as a general purpose timer with asso- 
ciated input and output pins for timing functions, 
and also as a Watchdog Timer offering a security 
against possible processor malfunctions due to ex- 
ternal events. 


Timer Modes 


When operating as a Timer, with a timing resolution 
from 333ns to 5.59s (INTCLK = 12MHz), an input 
pin (WDIN) and output pin (WDOUT) may be se- 
lected as the Alternate Functions of two I/O pins. 
When WDIN is enabled by the user by setting INEN 
high (WDTCR.3) and the Alternate Function is set, 
4 operating modes are available: The WDIN input 
may be programmed to act as an event counter 
input, with high to low transitions causing the 
counter to decrement (the time duration between 
the falling edges of the input clock must be at least 
333ns, allowing a maximum input frequency of 
3MHz). It may also be used for pulse width meas- 
urement by being selected as a counter clock gate 
signal (prescaler to the counter being driven by 
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INTCLK/4), counting being enabled when WDIN is 
at a high level. Trigger and Re-trigger modes cause 
a reload of the timer user preset values (providing 
STSP, WDTCR.7 is active) for a high to low transi- 
tion on WDIN at any time (Re-trigger mode) or when 
the counter is at the end of count (Trigger mode). 
The counter decrements at a rate driven by INT- 
CLK/4. 


The WDOUT pin, when set as the Alternate Func- 
tion, is enabled by OUTEN high (WDTCR.0), and 
may either toggle the state of the I/O bit (frequency 
generation, OUTMD = "0", WDTCR.2) or pass the 
state of the WROUT bit to the output allowing PWM 
generation (OUTMD ="1") atthe end of count (timer 
value = 0) condition. 


Watchdog Mode 


The timer functions may be disabled, and the Timer 
configured for a Watchdog operation by re-setting 
WDEN (WCR.6) to zero. Once the Watchdog has 
been selected it CANNOT be set back into the 
standard timer mode until the next Hardware Reset 
cycle. The programmer should set the watchdog 
timer prescaler and timer reload value before enab- 
ling the Watchdog mode. The Watchdog Timer must 
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TIMER/WATCHDOG (Continued) 
Figure 37. Timer/Watchdog in Watchdog Mode 
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WRITE WOTRH,WOTRL 
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WRITE AAh,SSh 
INTO WOTRL 
—___,____ 


PRODUCE 
COUNT RELOAD 


then be retriggered, causing the reloading of the 
timer value, by the operation of writing of the byte 
sequence OAAh, 055h to the WDTLR register. If this 
is not done before the Watchdog counts to zero, the 
Watchdog Timeout condition occurs. This causes 
a Hardware Reset of the ST9040. The Watchdog 
reset signal is not output on the external RESET 


pin. 


Timer/watchdog Interrupts 


The Timer/Watchdog may provide several levels of 
interrupts selectable by the programmer. 


The Timer mode offers two interrupt sources, trig- 
gered on the timer value reaching 0, either a prio- 
ritized level (by taking the Interrupt priority channel 
from the External Interrupt INTAO) or by a top level, 
non-maskable interrupt (taking the external NMI 
input channel). 


The interrupt channels are multiplexed from the 
alternative source according to the status of the 
IAOS (EIVR.1) and TLIS (EIVR.2) bits as shown in 
Figure 38. Please refer to the ST9 Technical Ma- 
nual for further details on changing the interrupt 
sources of the Timer/Watchdog. When the Watch- 
dog mode is set (WDEN ="0"), the timer value equal 
to 0 event generates a Hardware reset of the 
ST9040. The Timer/Watchdog control registers are 
located within Page 0 of the Paged I/O register 


group. 
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Figure 38. Timer/Watchdog Interrupt Sources 
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Figure 39. Multifunction Timer Block Diagram 
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MULTIFUNCTION TIMERS 


The ST9040 includes two identical 16 bit Multifunc- 
tion Timers (MFT) in addition to the 
TIMER/WATCHDOG. The following description ap- 
plies to both Timer 0 and Timer 1. 


Each timer is a 16 bit Up/Down counter, driven by the 
output of an 8 bit prescaler which may be driven by 
INTCLK/3 (giving a minimum timing resolution of 
250ns at INTCLK = 12MHz) or by an external source. 
This timer is supported by two 16 bit Comparison 
Registers for generating timed functions and two 16 
bit Capture/Load Registers for timing and variable 
timebase functions. These features coupled with 2 
input pins (TxINA and TxINB) and 2 output pins 
(TXOUTA and TxOUTB, where x = 0 or 1), available 
as Alternate Functions, giving the timer 13 operating 
modes for virtually all required timing functions. 


MFT Operating Modes 


The operating modes are selected by the pro- 
gramming of the Timer Control Register (TCR Timer 
x) and the Timer Mode Register (TMR) as follows: 


One-Shot Mode. The counter stops at the End Of 
Count Condition (up or down count). 


Continuous Mode. At End Of Count the timer is 
reloaded from a Load Register. 


Trigger Mode. A Trigger causes reload from a load 
register only if the Timer is at End of Count. 
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Retrigger Mode. A Trigger causes reload from a 
load register at any time. 


Gate Mode. Counting is performed only when the 
external gate input (TxINA, TxINB or TxETCK) is 
active (logical 0). 


Capture Mode. A Trigger causes the timer value 
to be latched into the selected Capture register. 


Up/Down Mode. A Trigger causes a count up or 
down, or a change in counting direction. 


Free-Running Mode. Up or Down counting is per- 
formed to the full range with no action at End of 
Count. This is used in Bicapture and Capture 
Modes. 


Monitor Mode. One Capiure register follows the 
contents of the timer. 


Autoclear Mode. The timer is reset to 0000h or 
FFFFh (up or down count respectively) on a trigger. 
This gives delta time measurement or free running 
with a modulo of less than 2'°. 


Biload Mode. The counter is reloaded on an End 
Of Count condition alternately from the two Load 
Registers. (PWM output). 


Bicapture Mode. A Trigger causes the current 
timer value to be transferred alternately to the two 
Capture registers. 


Parallel Mode. The prescaler output of Timer 0 is 
internally connected to the input of the prescaler of 
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MULTIFUNCTION TIMER (Continued) 


Timer 1, if this is then set to 0Oh (= divide by 1), then 
the two timers may be run in parallel. 


The trigger events may be either caused by soft- 
ware, or an action on the two input pins which may 
be programmed to respond to rising, falling or both 
edges of the input. The input modes are selected in 
the Input Control Register (ICR) as shown in Table 
11. This includes the Autodiscriminator mode, 
which causes the timer to count up or down depend- 
ing onthe phase between the two input edges, such 
as generated by optical encoders. 


The two output pins (available as Alternate Func- 
tions) may be programmed through the Output 
Control Registers OACR and OBCR to be modified 
(Set, Reset, Toggle or No Operation) on each of 
Overflow/Underflow (OVF/UNF), Compare on 
CMP0 valid (CMO), or Compare on CMP1 (COMP1) 
valid events. This allows repetitive signals such as 
PWM drive to be output with minimum CPU over- 
head. Figure 40 shows some typical waveforms 
available from these signals. 


Figure 40. Output Waveforms Example 
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Table 11. Input Pin Function Settings 


Input Control 
mage, | "Pow 
IN3-INO bits 
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MULTIFUNCTION TIMER (Continued) 


The Overflow/Underflow event and the Compare 0 
event may also be programmed to give On-chip Event 
timing signals to trigger other peripheral operations on 
the ST9040. These are as shown in Table 12. 


Table 12. ST903X On-Chip Event Settins 


A/D Conversion Trigger 
Handshake Trigger Port 


The TxOUTA and TxINA lines for each timer may 
be connected internally, by setting of the SCx bits 
of the I/O Connection Register (IOCR). 


The Multifunction Timers are enabled for counting 
by the Counter Enable bit (CEN, TCR.7) of the 
respective timer unit. When CEN is low, both pres- 
caler and timer are halted. CEN is logically ANDed 
with the Global Counter Enable bit (GCEN, 
CICR.7), so that both timers may be started in 
synchronism, i.e. when the timers are set into Par- 
allel mode, this allows initialization of both Timers 
before triggering at the same instant. The ETCK 
input Alternate Function may be used to gate the 
clock to MFT 0, used, for example, when external 
clock and trigger signals are required in addition to 
the gate function. 


MFT Interrupts 


The Multifunction Timer can generate interrupt re- 
quests from 5 different interrupt sources which are 


grouped into 3 independent groups. The Interrupt’ 


Vector has the source of the interrupt group en- 
coded by hardware into the least significant 3 bits 
of the vector. This allows the programming of the 
base address to an 8 byte block within the interrupt 
vector area of the Program Space. The groups and 
respective addresses are shown in Table 13. 


Table 13. MFT Interrupt Vectors 
Interrupt Source Vector Address 
se 
a 


Each source may be independently masked, in 
addition all Timer interrupts may be disabled by the 
Global Timer Interrupt enable (GTIEN, IDMR.7) 
control bit. lf a Timer interrupt on Compare 0 or 
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Capture 0 does not have its corresponding pending 
bit reset before the next interrupt, then an overrun 
condition occurs. This condition is flagged in two 
dedicated overrun bits in the Timer FLAGS register. 


MFT DMA Channels 


Two independent DMA channels are present within 
each MFT, associated to the Compare 0 and Cap- 
ture 0 sources. This allows 16 bit DMA transactions 
from Register File/Memory to COMPO registers, 
and from CAPTO registers to Register File/Memory. 
The DMA channels allow the capture of external 
event timings in memory allowing off-line analysis, 
and creating of variable pulse width signal trains, as 
required by the drive of Triacs in certain modes. 


The two interrupt mask sources are independently 
masked by two DMA mask bits, mapped in the 
IDMR register. The End of Block (EOB) procedures 
are as described in the INTERRUPT/DMA section. 


The DMA counter and address pointer registers 
share the most significant user-programmable 6 
bits for both DMA channels (COMP 0 and CAPT 0), 
thus the mapping of the counter and address reg- 
isters use automatic offsets from the base address. 
The actual mapping changes dependent on 
whether the Register File or Memory is addressed 
for the transfer. The offsets are shown in Table 14. 


Table 14-1. MFT DMA Address and Counter 
Registers for Memory DMA Transfers 


POINTERS MAP INTO MEMORY 


Register File 


COMP 0 16 bit 11 (I) | INCREA- 
ADDRESS yyyyyy 11 (0) G 
POINTER 10 (h) | PRIORITY 
CAPT 0 16 bit 01 (I) 
ADDRESS 
POINTER 00 (h) 


Address 
Pointers 


DMA COMP 0 DMA | xxxxxx 11 (I) 
COUNTERS 16 bit 
COUNTER | XXXxxx_ 10 (h) 
CAPT 0 DMA | xxxxxx 014 (I) 
16 bit 
COUNTER 00 (n) 


USER PROGRAMMABLE 
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MULTIFUNCTION TIMER (Continued) 


Table 14-2. MFT DMA Address and Counter 
Registers for register file DMA Transfers 


POINTERS INTO REGISTER FILE 


8 Bit COUNTER 
8 bit ADDR. 
POINTER 


COMPARE 0 


CAPTURE 0 


8 bit COUNTER 


8 bit ADDR. 
POINTER 


After the transfer of the complete block of data 
to/from the MFT, the count registers reach the zero 
value and an end of block interrupt occurs so that 
the ST9 may process the new data. In many cases, 
the time taken to reload the data tables and to 
re-trigger the DMA action causes speed limitations, 
especially in those applications requiring a continu- 


Figure 41. Multifunction Timer Page Maps 


MFT 0 
CONFIGURATION 
REGISTERS 


16 bit 
COMPARE REGISTER 


ST9040 


ous high speed data flow, because of the time 
consumed by the restore routine. An additional 
DMA function, the SWAP mode, overcomes this 
limitation. This is enabled by the setting of the 
SWEN (IDCR.3) bit. This causes hardware gener- 
ated signals to replace the user address bit 2 of both 
the address and counter pointers. The address and 
counter registers are thus duplicated at an offset of 
4 registers. At the End Of Block condition, the EOB 
interrupt is generated to signal the end of DMA, and 
the state of pointer address bit 2 toggles state 
automatically and the new address and count 
values are used. Thus the ST9 can safely process 
the previous block of data while the new block is 
being transferred. This will continue until the SWAP 
mode is disabled. 


A software protection scheme is implemented to 
prevent non-updated pointer registers from being 
used if a second EOB interrupt arrives during the 
servicing of the first. This mechanism locks the state 
of the DMA mask bit to prevent further transfers 
from taking place. The user should check for this 
condition in the EOB routine to ensure that all the 
DMA transfers are properly serviced. 


The control Registers of each MFT occupies 20 
registers within the I/O paged area. These are 
mapped as follows: 


In addition the MFT is able to trigger byte DMA 
transfers in both directions through an I/O port with 
Handshake (see I/O Handshake and DMA). 


MFT 4 
CONFIGURATION 
REGISTERS 


16 bit 


COMPARE REGISTER 
COMP 1 


MFT 1 
INTERRUPT 
and 


16 bit 
oe COMPARE REGISTER 
COMP 0 


COMP 1 


16 bit 
MET 0 CAPTURE/LOAD REGISTER 
INTERRUPT REG 1 
and 


16 bit 
ae CAPTURE/LOAD REGISTER 


Page 9 (09H) 
MFT 0/1 


Page 8 (08H) 
MFT 1 


Page 10 (OAH) 
MFT 0 
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SERIAL PERIPHERAL INTERFACE (SPI) 


The Serial Peripheral Interface (SPI) is integrated 
into the Core module of the ST9 and provides a 
general purpose shift register based peripheral 
allowing synchronous serial I/O, with special modes 
allowing compatibility with I?C-bus and IM-bus 
Communication standards in addition to the stand- 


Figure 42. SPI Functional Diagram 


TRANSMISSION 
CONDITION 


INT2 SCK 
O 


BAUD 
5 ST9 CLOCK POLARITY| RATE 


1 ot 
if Fee 


to the master device via the SDI pin. This implies full 
duplex transmission with both data-out and data-in 
synchronized with the same clock signal. Thus the 
byte transmitted is replaced by the byte received, 
eliminating the need to separate "Tx Empty" and "Rx 
full" status bits. After the 8 clock cycles have been 
concluded, the received data in SPIDR is parallel 


RETURN TO 
DATA BUS 


READ BUFFER 


! ! 
a] 


INTERRUPT 


ard serial bus protocol. The SPI uses 3 lines com- 
prising Serial Data Out (SDO), Serial Data In (SDI) 
and the Synchronous Serial Clock (SCK) which are 
available as Alternate Functions of I/O pins. Addi- 
tional I/O pins may act as device selects or IM-bus 
address ident signals. The functional diagram of the 
SPI is shown in Figure 42. 


The SPI, when enabled (SPEN, SPICR.7, high), 
receives input data from the ST9 internal data bus 
into the SPIDR, and originates the SCK to shift the 
data serially through SDO (Most Significant bit first) 
to the slave device which responds by sending data 
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transferred to the read buffer and data becomes 
available for the ST9040 during the next read cycle 
of SPIDR. The BUSY bit (SPICR.4) is set when 
transmission is in progress, this allows the user to 
monitor the status of the SPI by polling of this bit. 


The SPI can operate only in master mode, i.e. the 
clock is always generated by the ST9040, however 
the SCK polarity and phase can be programmed to 
suit all peripheral requirements (Figure 43). This, 
together with the 4 programmable bit rates (divided 
from the INTCLK, Table 15), provide the large flex- 
ibility in handling different protocols. 
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SERIAL PERIPHERAL INTERFACE (SPI) (Continued) 
Figure 43. SPI Data and Clock Timing 


INTERNAL 


READ STROBE 


SDI/SDO 


Table 15. SPI Rate Selection 


Clock SCK Frequency 
Sentero (INTCLK = 12 MHz) 


0 0 8 1500 KHz (T= 0.67 us) 
0 1 16 
1 0 12 
4 256 


750 KHz (T= 1.33 ps) 
93.75 KHz (T= 10.66 ps) 
46.87 KHz (T= 21.33 ps) 
I?C-bus Compatibility 
The SPI includes, additional circuitry to enable the 
_use of external I@C-bus peripherals. The I?C-bus 
mode is a 2 wire bus while the SPI operates with 3 


wires, however wire-ANDing SDO and SDI gives ' 


the required signalling, while setting the BMS bit 
causes the enabling of the special I@C-bus features: 
Clock Slowdown by external devices and Arbitration 
Lost detection. This mode also affects the Interrupt 
sources as shown in the next section. 


SPI Interrupts 


The SPI, when enabled, uses the INT2 external 
interrupt channel source, using the priority selected 
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for INT2 within the External Interrupt Priority regis- 
ters. The INT2 mask bit should be set and INT2 
pending bit reset before enabling the SPI through 
SPEN. The BMS (SPICR.6) and SPEN bits select 
the SPI internal interrupt source as shown in Table 
16. 


Table 16. SPI Interrupt Sources 


Interrupt Source 


External channel INT2 


S-BUS/I?C bus start or 
stop condition 


End of one byte 
transmission 


SPI Registers 


The two registers controlling the SPI are located in 
I/O page 0, the Data Register, SPIDR, at R253 and 
the control register, SPICR, at R254. 
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SERIAL COMMUNICATIONS INTERFACE 


Function 


The Serial Communications Interface (SCI) of the 
ST9040 offers a means of full-duplex serial data 
transfer to a wide range of external equipment with 
its fully programmable character format control for 
asynchronous and byte synchronous serial 1/O, 
integral Baud Rate Generator, giving a maximum 
baud rate of 375K Baud in Asynchronous mode 
(Internal Clock), and two DMA channels for trans- 
parent transmission and reception of characters. 
Support is also present in hardware for Line Break 
Detection and generation, character search, net- 
work interfacing with 9th bit Address logic, and 


Local Loop Back and Auto echo modes for Self- 
Test. The control registers for the SCI exist within 
one |/O page within the I/O page group. 


Character Formats 


When used for asynchronous character trans- 
mission and reception, the character format may be 
changed (through the Character Control! Register 
CHCR) to suit external equipment requirements. 
This is Summarized in Figure 45. 


The baud rate clock for asynchronous mode should 
be set to the /16 Mode and the frequency of the 
clock input (from an external source or the internal 
baud-rate generator output) set to suit this. 


Figure 44. SCI Functional Block Diagram 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


This format control is also available for the byte 
synchronous mode (Clock divider set to /1), when 
the data and clock are output in synchronism, the 
data being sampled once per clock period (Figure 
46). For a second synchronous mode, CLKOUT is 
activated only for the data section of the word 
Figure 47) on serial data output, and input data is 
latched on the rising edge of the external syn- 
chronised clock input on the RXCLK pin. This mode 
ne) be used to access external synchronous periph- 
erals. 


The Address bit/D9 is optional and may be added 
to any word format, it is commonly used in network 
or machine control applications. When enabled 


Figure 45. SCI Character Format 


ST9040 


(AB, CHCR.4 = 1), an address or ninth data bit can 
be added to a transmitted word by setting the Set 
Address bit (SA, IDPR.5). This is then appended to 
the next word entered into the (empty) Transmitter 
Buffer Register and then cleared by hardware. On 
character input an Address Bit set can indicate that 
the data preceding the bit is an address which may 
be compared in hardware with the value in the 
Address Compare Register (ACR) to generate an 
Address Match interrupt when equal. 


The Address bit and Address Comparison Register 
can also be combined to generate an Address 
Interrupt in 4 modes to suit different protocols, 
based upon the status of the Address Mode Enable 
bit (AMEN, IDPR.7) and the Address Mode bit (AM, 
CHCR.7) as shown in Table 17. 


Figure 46. Byte Synchronous Output 
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Figure 47. Serial Expansion Mode 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


Table 17. Address Interrupt Modes 
If 9th Data Bit = 1 
If Character Match 
If Character Match and 9th Data Bit = 1 


If Character Match on Word Immediately Following Break 


The character match Address Interrupt mode may 
be used as a powerful character search mode, 
giving an interrupt on reception of a predetermined 
character e.g. Carriage Return or End of Block 
codes. 


The Line Break condition is fully supported for both 
transmission and detection. Line Break is sent by 
setting the SET_BREAK bit (SB, IDPR.6). This 
causes the transmitter output to be held low (after 
all buffered data has been transmitted) for a mini- 
mum of one complete word length and until the SB 
bit is Reset. 


SCI Interrupts 


The SClis able to generate interrupts from multiple 
sources. Receive interrupts include data pending, 


Figure 48. SCI Interrupt Typical Usage 


ADDRESS AFTER BREAK CONDITION 
BREAK 


MATCH 


BREAK ADDRESS DATA 
INTERRUPT INTERRUPT INTERRUPT 


ADDRESS WORD MARKED BY 09=1 


ADDRESS BREAK 


receive errors (overrun, framing and parity), ad- 
dress or break pending and transmit interrupts are 
software selectable for either the Transmit Holding 
Register Empty (HSN, IMR.7 = 1) or for the Transmit 
Shift Register Empty (HSN = 0). Interrupt sources 
are indicated by the Interrupt pending bits, shown in 
Table 18. These bits should be reset by the pro- 
grammer during the Interrupt Service routine. 


Table 18. SCI Interrupt Vector 


Vector Address 


When DMA is active the Receive Data Pending bit 
(RXDP, ISR.2), and the Transmit status bit interrupt 
sources are replaced by the DMA End Of Block Inter- 
rupt sources for transmit and receive, respectively. 


Typical Usage of the Interrupts provided by the SCI 
are show in Figure 48. 


Interrupt Source 


Transmitter Buffer or 
Shift Register Empty/ 
Transmit DMA end of Block 


Received Ready/ 
Receive DMA end of Block 


Break Detector 
Address Word Match 


Receiver Error 


ADDRESS 
NO MATCH 


DATA DATA BREAK 


INTERRUPT INTERRUPT INTERRUPT 


ADDRESS ADDRESS 


MATCH 


ADDRESS DATA DATA 
INTERRUPT INTERRUPT = INTERRUPT 


CHARACTER SEARCH MODE 


NO MATCH 


ATA 
INTERRUPT 


MATCH 


DATA DATA CHAR DATA 
INTERRUPT 


INTERRUPT INTERRUPT MATCH 
INTERRUPT 


O09 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT 


DATA 


ATA 
INTERRUPT = INTERRUPT 


(DATA J OATA Y 09=1 DATA DATA 


DATA 


ATA 09= DATA 
INTERRUPT INTERRUPT INTERRUPT INTERRUPT 


TA DATA 
INTERRUPT = INTERRUPT 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


The SCl interrupts have an internal priority structure 
(Table 19) in order to resolve simultaneous events. 


The four major levels of interrupt are encoded in 
hardware to provide two bits of the interrupt vector 
register, allowing the position of the block of pointer 
vectors to be resolved to a block size of 8 bytes. 


Table 19. SCI Interrupt Internal Priority 
Receive DMA Request Highest Priority 


Transmit DMA Request Lower Priority 


Receive Interrupt 


Transmit Interrupt 


SCI DMA 


Two DMAchannels are associated with the SCI, for 
transmit and for receive. These follow the register 
scheme as described in DMA section. It should be 
noted that, after initializing the DMA counter and 
pointer registers and enabling DMA, data trans- 
mission is triggered by a character written into the 
Transmit Holding register. The DMA End Of Block 
Interrupts generated on completion of the DMA 
transfer take the place of the normal transmit and 
receive character interrupt vectors. 


SCI Clock Generation 


The communication bit frequency of the SCI trans- 
mitter and receiver sections can be provided from 
the integral Baud Rate Generator (allowing a maxi- 
mum asynchronous bit rate of 350k Baud) or from 
external sources (maximum bit rate 175k Baud). 
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This clock is divided by 16 for asynchronous mode 
(CD, CCR.3, =0), or divided by 1 for synchronous 
modes (CD=1). 


External Clock Sources. The External Clock input 
pin TXCLK may be programmed in Alternate func- 
tion by bits TXCLK (CCR.7) and OCLK (CCR.6) to 
be: the transmit clock input (respecting the %16 and 
% 1 timing requirements), to act as the output of the 
Baud Rate Generator (allowing an external divider 
circuit to provide the receive clock for split rate 
transmit and receive e.g. 1200/75 baud), or to be 
CLKOUT, the clock output for the synchronous 
mode. Receive clock input via RXCLK Alternate 
function is enabled by the XRX bit CCR.5, this input 
should be set according to the setting of the CD bit. 


Baud Rate Generator. The integral Baud Rate 
Generator is a 16 bit divide by n circuit of the Internal 
Clock INTCLK. Thus INTCLK should be chosen to 
provide a suitable frequency for division by the 
Baud Rate Generator to give the required transmit 
and receive bit rates. 


Suitable INTCLK frequencies and the divider values 
for standard Baud rates are shown in Table 20. 


The act of writing to either of the two registers 
comprising the 16 bit divider causes a reset of the 
SCI, allowing initialization of the SCI settings before 
the writing of the other Baud Rate Generator regis- 
ter. 


Self Test 


Testing of the communications channel may be 
performed using the facilities of the SCI. Auto Echo 
mode (SCI SOUT disconnected, SIN pin internally 
connected to SOUT pin) and Loopback mode (SCI 
transmitter and receiver sections disconnected 
from SOUT and SIN pins and directly connected 
internally) may be used individually or together. 
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SERIAL COMMUNICATION INTERFACE (Continued) 


Table 20. SCI Baud Rate Generator Divider Values 


INTCLK: 7680.000 KHz 
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0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228,80000 
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0.80000 
1.20000 
1.75985 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
590.76923 
1280.00000 


Actual Freq 
(kHz) 


0.80000 
1.20000 
1.75990 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


Deviation 


0.0000% 
0.0000% 
0.0083% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.8462% 
4.1667% 


Deviation 


0.0000% 
0.0000% 
0.0058% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 


ANALOG TO DIGITAL CONVERTER 


The ST9040 Analog to Digital Converter (A/D) is 
comprised of an 8 channel multiplexed input selec- 
tor and a Successive Approximation converter. The 
conversion time is a function of the INTCLK fre- 
quency; for the maximum 12MHz clock rate, con- 
version of the selected channel requires 11s. This 
time also includes the 3us of the integral Sample 
and Hold circuitry, which minimizes need for exter- 
nal components. The resolution of the converted 
channelis 8 bits + 1/2 LSB between the Analog Vss 
and Vpp references which occupy two pins of the 
ST9040 (AVss and AVpp respectively). These allow 
the full 256 bit resolution to apply over a reduced 
input range such as provided by various sensors 
and allows the best supply noise rejection. 


Figure 49. A/D Block Diagram 
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The input Analog channel is selected by using the 
Alternate Function setting as shown in the I/O ports 
section. The I/O bit structure of the port connected 
to the A/D converter (Port 4) is modified as shown 
in Figure 50 to prevent the Analog voltage present 
at the I/O pin from causing high power dissipation 
across the input buffer. Un-selected analog chan- 
nels should also be maintained in the Alternate 
function mode for this reason. A Power Down mode 
is available for applications which require low power 
dissipation, this is selected by setting to zero the 
POW bit (CLR.2) which turns off all Analog functions 
within the A/D converter. 


INT. VECTOR POINTER 
INT. CONTROL REGISTER 


THRESHOLD REGISTER 7L 
THRESHOLD REGISTER 6U 
THRESHOLD REGISTER  6L 
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ANALOG DIGITAL CONVERTER (Continued) 
Figure 50. A/D Input Configuration 
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Figure 51. A/D Trigger Sources 
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Conversion 


Each of the input Analog channels (AINO-7) can be 
converted singly or continuously. In single mode 
(CONT, CLR.1, = "0") conversions are triggered by 
setting the Start/Stop bit ST (CLR.0), this is reset 
by hardware at the end of a group of conversions 
and conversion stops. The Autoscan mode 
(CONT = "1") converts each input channel in se- 
quence, starting from the channel number selected 
in the Start Conversion Address (SC1-3) bits and 
increasing to channel 7 (AIN7), repeating so that 
the data registers will be maintained with the latest 
converted result. Conversion start is triggered by 
internal or external events. An external trigger (en- 
abled by EXTG, CLR.4, = "1") is caused by a pulse 
on the ADTRG pin available as an Input Alternate 
Function. This should have a minimum length of 
80ns and of a period greater than the conversion 
time. The Internal trigger is enabled by setting 
INTG, CLR.3, to "1" (this is ORed with EXTG to 
prevent hardware conflicts, but the correct proce- 
dure is to enable only one source at a time), in this 
case triggering is either by setting the ST bit by 
software or by enabling the ON-CHIP EVENT signal 
from the TIMER module. 


START GROUP 
OF CONVERSIONS 
CONTINUOUS OR 
SINGLE MODE 
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ANALOG DIGITAL CONVERTER (Continued) 


The resulting data from the converted Analog chan- 
nel AINx is stored in the appropriate Data Register 
DxR. Two channels AIN6 and AIN7 have a special 
feature known as the Analog Watchdog, by the use 
of two Threshold Registers for each channel. The 
Upper, (HT6R, HT7R), and lower, (LT6R, LT7R), 
registers contain user preset values. 


ST9040 


These values are automatically compared to the 
value in the Data Registers D6R and D7R following 
each new conversion. If the resulting data is less 
than the corresponding Lower Threshold Register, 
or higher than the contents of the corresponding 
Upper Threshold Register, then an interrupt may be 
generated. This hardware feature minimizes analog 
monitoring overhead and is particularly useful in 
motor control applications as shown in Figure 52. 


Figure 52. Analog Watchdog used in motor speed control 
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A/D Interrupts 


The ST9040 A/D converter provides two interrupt 
sources, End of Conversion and an Analog Watch- 
dog Request. The interrupt vector register (IVR) 
provides 1 bit automatically generated in hardware 
to follow the interrupt source, allowing the user to 
select the base address of a four byte area of the 
interrupt vector table in which to store the A/D 
Interrupt Service Routines. The Analog Watchdog 
Request requires the user to poll within the Com- 
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pare Result Register (CRR) to determine which of 
the four thresholds has been exceeded, the thre- 
shold status bits should be reset by software in the 
service routine. The interrupt pending flags, ECV 
(End of Conversion, ICR.7) and AWD (Analog 
Watchdog, ICR.6) should also be reset by the User 
in the Interrupt service routine before the return. 


The ST9040 Analog to Digital converter occupies 
I/O page 63 (Group F). 
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SOFTWARE DESCRIPTION 


Addressing Modes 


The ST9040 offers a wide variety of addressing 
modes and combinations to facilitate full and rapid 
access to the address spaces while reducing pro- 
gram length. Register addressing (using the work- 
ing register group mechanism or directly 
addressed) can be used as 8 or 16 bit values for 
data or indirect addressing into the memory spaces 
or the Register File. The selection between Pro- 
gram Memory and Data Memory is performed 
through the P/D bit in the FLAG Register, all sub- 
sequent actions on the memory space will affect the 
selected map only, apart from the memory map to 


Table 21. Addressing Mode 


Addressing Mode 


Register Direct 

Register Indirect 

Register Indexed 

Memory Direct 

Memory Indirect 

Memory Indirect with Post-Increment 
Memory Indirect with Pre-Decrement 


Memory Indexed with Immediate Short 
Offset 


Memory Indexed with Immediate Long 
Offset 


Memory Indexed with Register Offset 


Memory Indirect Post-Increment to 
Indirect 
Register Post Increment 


Memory Map to Memory Map both with 
Post-Increment 


Bit Address 


memory map post-increment addressing mode 
which allows the map to be specified as part of the 
instruction for both destination and source oper- 
ands. Apart from the immediate data and condition 
codes all operands are expressed as register file or 
memory addresses. 


The available addressing modes, with the ST9 
macro-assembler notation, are in Table 21 : 


Combinations Of Available Addressing Modes 


Table 22 describes the addressing modes available 
for the register file and the memory (both as a 
destination and as a source) for the two operand 
arithmetic, logic or load instructions . 


Table 22. Addressing Mode Permutation for 
Instructions 


Two Operand Arithmetic and Logic Instructions 


—Pestnaion [Source 


Register Direct Register Direct 

Register Direct Register Indirect 
Register Direct Memory Indirect 
Register Direct Memory Indexed 


Register Direct Memory Indirect with 
Post-Increment 


Register Direct 


Register Direct 


Register Indirect 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post-Increment 


Memory Indirect with 
Pre-Decrement 


Memory Direct 


Register Indirect 
Memory Indirect 


Memory Indirect whit 
Pre-Decrement 


Memory Direct 


Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 
Register Direct 


Legend: N= 8 bit Value Memory Indexed Register Direct 
NN = 16 bit Value or Address Memory Indirect with Register Direct 
r = Working Register Post-Increment 
R = Directly Addressed Register ; : ; ; 
= Indirect padres Memory Indirect with Register Direct 
i. = Indirect with Post-Increment Pre-Decrement 
t be Bit Numiver (0 a Memory Direct Register Direct 
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SOFTWARE DESCRIPTION (Continued) 


Table 22. Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Arithmetic and Logic Instructions 
[Destination [Source 


Register Direct Register Direct 
Register Direct Register Indirect 
Register Direct Register Indexed 
Register Direct Memory Indirect 
Register Direct Memory Indexed 


Register Direct Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 


Register Direct 


Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Immediate 
Immediate 
Immediate 


Two Operand Load Instructions 
ee 


Register Direct Immediate 
Memory Direct Immediate 
Memory Indirect Immediate 
Long Indexed Memory") | immediate 


Two Operand Arithmetic, Logic & Load Instructions 
[Beatnaton—[—Souree 
Memory Indirect Memory Indirect 


Register Direct 
Memory Direct 
Memory Indirect 
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Two Operand Load Instructions ") 
[sess [Smee 


Register Indirect with Memory Indirect with 
Post- Increment Post- Increment 


Memory Indirect with Register Indirect with 
Post- Increment Post- Increment 


Memory Indirect with Memory Indirect with 
Post- Increment Post- Increment 


Note: 1. Load Byte only 


INSTRUCTION SET 


The ST9040 instruction set consists of 87 groups 
of instruction types functionally divided into eight 
groups as shown in Table 23, they are: 


- Load (two operands) 

- Arithmetic & Logic (two operands) 

- Arithmetic Logic and Shift (one operand) 
- Stack (one operand) 

- Multiply and Divide (two operands) 

- Boolean (one or two operands) 

- Program Control (zero to three operands) 
- Miscellaneous (zero to two operands) 


The wide range of instructions facilitates the full use 
of the register file and address spaces, reducing 
execution times, while the register pointers mech- 
anism allows an unmatched code efficiency and 
fast context switching. A notable feature is the 
comprehensive "Any Bit, Any Register" (ABAR) 
addressing capability of the Boolean instructions. 


The ST9040 can operate with a wide range of data 
lengths, from single bits, 4 bit nibbles which can be 
in the form of Binary Coded Decimal (BCD), 8 bit 
bytes and 16 bit words. The summary in Table 23 
shows the instructions belonging to each group and 
the number of operands required for each. The 
source operand is "src", "dst" is the destination 
operand and "cc" is the condition code selection. 
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INSTRUCTION SET (Continued) 


Table 23. Instruction Set Summary 


Load Instructions (Two Operands) 


Operand | Flags 
e|z|slv 
dst, src Load 
dst, src Load Word 


Arithmetic and Logic (Two Operands) 


ee 


oe 
sie 
= 


dst, src |Add 
dst, src Add Word 
dst, src Add with Carry 
dst, src Add Word with Carry 
dst, src Subtract . A A 1) A 
dst, src Subtract Word "A A ? ? 
SBC dst, src Subtract with Carry 
SBCW dst, src Subtract Word with Carry 
dst, src Logical AND 
ANDW dst, src Logical Word AND 
dst, src Logical OR 
dst, src Logical Word OR 
dst, src Logical Exclusive OR 
XORW dst, src Logical Word Exclusive OR 
CP dst, src Compare 
CPW dst, src Compare Word 
TM dst, src Test Under Mask 
TMW dst, src Test Word Under Mask 
TCM dst, src Test Complement Under Mask 
TCMW dst, src Test Word Complement Under Mask 


<x |OO0 > OW | >>P | &>Y 

oO | aD z cc ;O00 {| OU 

Dis 7) csheo Ole mele) 
= = = 


Legend : 0 = Bit set to zero 
1 = Bit set to one 
A= Bit affected 
? = Bit status undefined 
- = Bit not affected 
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INSTRUCTION SET (Continued) 


Table 23.Instruction Set Summary (Continued) 


Arithmetic Logic and Shift (One Operand) 


_— Flags 
fe|z|s|v[o[n! 

INC dst Increment 
INCW dst Increment Word 
DEC Decrement 
DECW Decrement Word 
SLA dst Shift Left Arithmetic OIA 
SLAW dst Shift Word Left Arithmetic 2? | ? 
SRA dst Shift Right Arithmetic A 
SRAW dst Shift Word Right Arithmetic 
RRC dst Rotate Right through Carry 
RRCW dst Rotate Word Right through Carry 
RLC dst Rotate Left through Carry 
RLCW dst Rotate Word Left through Carry 
OR fest [Rotate a $e 
Se a cS YS ss 
ae ae — ees 2 Ese 
cmos ___[oonponet es Bonne 


swaP |ost_____[ Swap Nibbles aE oS el 
fe Decimal Acs 4tsfalel-]-| 


Stack Instructions (One Operand) 


sts Fags 
elz|s|vioja| 
PUSH sic Push on System Stack 
PUSHW strc Push Word on System Stack 
PEA src Push Effective Address on System Stack 
POP dst Pop from System Stack 
POPW dst Pop Word from System Stack 


Push on User Stack 

Push Word on User Stack 

Push Effective Address on User Stack 
POPU dst Pop from User Stack 
POPUW dst Pop Word from User Stack 


Multiply and Divide Instructions (Two Operands) 
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INSTRUCTION SET (Continued) 


Table 23. Instruction Set Summary (Continued) 


Operand 
je|z[sivio|H 


a HAMNOE 
DIV Hetero Divide 16/8 1); A]A!? 3,17 ? 
DIVWS , Divide Word Stepped 32/16 ¢ aul Cae Vs cas se a | 


Boolean Instructions (Two Operands) 


BLD Bit Load 

Bit AND 

BOR Bit OR 

Bit Exclusive OR 


Boolean Instructions (One Operand) 
dst 
dst 


w 89) 
x > 
O Zz 
a) s) 


Bit Set 


Bit Complement 


Bit Test and Set 


Program Control Instructions (Three Operands) 


jomns | ttn 
Compare and Jump on False, 

Otherwise Post Increment 
Compare and Jump on True 

Otherwise Post Increment 


Program Control Instructions (Two Operands) 


U U 
QQ qj 
a mu 
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INSTRUCTION SET (Continued) 


Table 23. Instruction Set Summary (Continued) 


Ca al ne oo 


Bit Test and BitTestandJumpifFase = if False Pa ie 

a 
nz [asia _|oecenerta wong reir eraionpzar |-|-|=|-|- |= 
ovine _|asive _[DesenanareoverPoranssunpunerzne | -|-|-|-[-|— 


Program Control Instructions (One Operand) 


ean | Fags 
e|z|s{v[o|H 


9 Ra ond Seog 
Con SSSeee 
eis Sess 


ee ee 
ee ee Saoona 


Program Control Instructions (No Operand) 


owen | owe |e ee aT z[s|vio[H 


a Sees 
IRET fa Return from Interrupt 


Stop Program Execution and Wait Next Enabled In- 
terrupt. Ifa DMA request is present the CPU ex- 
ecutes the DMA service routine and returns to WFI 
state. 


Miscellaneous (Two Operands) 


je|z{s|vjo|n 


—— Beeses 


Miscellaneous (One Operand) 
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INSTRUCTION SET (Continued) 
Table 23. Instruction Set Summary (Continued) . 


een EEE 


snp |sre_—=—_—| Set Register Pointer Long (16 Working Registers) Set Register Pointer Long (16 Working Registers) fee axles 

ee Sa Tea sy 
sart [oe __[ostnegorronertonso enrareasero |-|-|-[=[=|— 
ser fac _|snraoeramer «=| - | - [=| - |= 
a a eee 
pMiscttansous (No operand) 


Miscellaneous (No Operand) 


soot fom | ee poe 


el | fenabtetnterants f= f= f= | 
ae See een ees ol 
a a ee ed 
(et a er oS Soe 
| |eemptementcamy ring LA | = | = | - | - | = | 
|_| setect rogram Memory | = |= | = | = | = | =| 
som | [Setectdatamemoy f= f= f= f= = 
| |Nooperaton = ff f= f= 


Flag Setting 


Mnemonic 
Code 
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PROCESSOR FLAGS 


An important aspect of any single-chip microcon- 
troller is the ability to test data and make the appro- 
priate action based on the results. In order to 
provide this facility, register 231 in the Register File 
is used as a flag register. Six bits of this register are 
used as the following flags: 


C - Carry 

Z - Zero 

S - Sign 

V_ - Overflow 

D - Decimal Adjust 
H - Half Carry 


Table 24. Condition Codes Summary 
Always False 
Always True 

Carry 

No Carry 


zero 


=a 
N 


rT >) 


No Zero 
Plus 


O 


V Overflow 
NOV No Overflow 


ULE 


ky SGS-THOMSON 


Not Equal 
Greater Than or Equal (S xor V) =0 
Sxor Vt 


a 
Tu —*dneigedtess Than 


Less Than or Equal (Z or (S xor V)) = 1 
=1 


ST9040 


One of the two remaining bits in the FLAG register 
is available to the user (bit 1, F1). Bit 0 is the 
Program/Data Memory selector bit and is operated 
on directly by the hardware within the ST9040. The 
P/D pin will follow the status of this bit. 


CONDITION JUMP FLAGS 


The flags C, Z, S and V control the operation of the 
Conditional Jump instructions. Figure 4.5 shows the 
conditional codes and the flag settings affecting the 
jump. 


QO 
i] 


NEN TO 
Te ee 
a~lo/—=|-|/o0;/O/-+]o 


<= |nN1M 
H] 


Ni< 
" 


N 
Hl 
Oo 


(Z or (S xor V)) = 0 


( 
C=0 
C=1 
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POWERFUL DEVELOPMENT ENVIRONMENT 


ST9 SOFTWARE TOOLS. The following Software 
Tools are available for MS-DOS, VAX under VMS, 
SUN-3 and SUN-4 operating systems: 


ARST9 Library Archiver. 


SIMSTS Software Simulator with realtime emula- 
tion executor. 


ST9040 HARDWARE EMULATOR. Realtime Emu- 


AST9 high-level macro assembler with prede- _—_—‘lation of the ST9040 is performed by a modular 
fined macro instructions(IF/ELSE, emulation system, interfaced to the host computer 
WHILE, DO, LOOP, SWITCH, BREAK, through an RS232 channel, with powerful hardware 
PROCEDURE, RETURN). breakpoints, on-line assembler/disassembler, emu- 
lation and trace memory. The emulator is fully 
LST9 —_ Incremental Linker/Loader. supported by a symbolic on-line debugger and help 
CST9 Optimised C-Compiler (ANSI facility. 
STANDARD). 
56/69 
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ABSOLUTE MAXIMUM RATINGS 


parameter | Value | Unit 


Input Voltage Vss — 0.3 to Vop +0.3 
Output Voltage Vss — 0.3 to Vop +0.3 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
oe ecu of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
evice reliability. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


External Oscillator Frequency 
Internal Oscillator Frequency 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta =— 40 °C to + 85°C, unless otherwise specified) 


Clock Input Low Level External Clock | -03 | 
IL 


Oo 
[are [restioatonteni [iat | id te | 
OO 


VoL Output Low Level Push Pull or Open Drain, V 
load =— 1.6mA 0.4 
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DC ELECTRICAL CHARACTERISTICS (continued) 


Symbol Parameter 
IAPU Active Pull-up Current, Vin < 0.8V — 420 
oe INTO and INT7 nae rages 
= /O Pin |VOPin InputLeakage =| Leakage | Input/Tri-State, OV < Vin < VoD | ri-State, OV < VIN < Vop eee as Ma 
| iukes | Reset Pin Input Leakage OV < Vin < Vob | -30 | | +30 fa 


ILKAD A/D Pin Input Leakage Alternate Function, 
Open Drain, OV < Vin < Vpp —3 +3 
Active Pull-up Input Leakage OV < Vin < 0.8V 
ILKOS OSCIN Pin Input Leakage OV < Vin < VoD 
Run Mode Current 24MHz, Note 1 Lo 
4MHz, Note 1 a 
Run Mode Current 24MHz, Note 1 as 

Prescale by 2 

4MHz, Note 1 , 


Test Conditions 


5 


TEE EEE EEE 


+10 


Nl 
Oo 


— 
NO 


WFI Mode Current 24MHz, Note 1 
4MHz, Note 1 
| tamu HALT Mode Current 24MHz, Note 1 


ic ial 1/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


00 
> 


pS 
oO 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 
PUSH=PULL OUTPUT 
TEST CONDITION 


“0” SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH-PULL OUTPUT 
TEST CONDITION 


“0” SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V + 10%, TA= — 40°C to + 85°C, unless otherwise ae aa 


Se 
Symbol Parameter 


i! OSCIN Clock Period tim | tee 
= en eo 
| 2 [wore | osciNRiseandraitime =| |_| ms, | 


Le TwCL, TwCH OSCIN Low and High Width 


Note: 1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vi =0.8V pp 


Vit =9.2V pp 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vop = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 


| mi | ree cc vs 

i ee Sl le 

By 2 By 2 

[fawn fener focarwner Srcuene-w [| [ow 
[2 [tans (a) [Address Hold Time aterAS? [Tpo—t7 ——sfrwataa—| a8 | |e 
[2 [Tans (OR) [AS TtoData Avaliable (ea) [Tro UPe2Wed) 62 [THC @Pawe2)—s1 | —_—*| 115 | ne 


AS Low Pulse Width TpC (2P+1) -7 TwCH4PTpC -3 35 | | ns | 
ST a 


TwDSR DS Low Pulse Width (read) | TpC (4P+2W43)-20 | TWCH+TPC (2P+We1) - 105] | ns 


7 \TwoSw DS Low Pulse Width (write) [TpC (2P+2W42)-13 | TpC (P+W+1) -13 | 70 | | ns | 


) 
TADSR (DR) |DS J to Data Valid Delay (read) |TpC (4P+2W-3)-50  [{WCHTPC(2P+W+t) — || 75 | as 
ORGS) oan wtSTHacTweed fo po | 
10 |TdDS (A) _|DS T to Address Active Delay _|TpC -7 TwCL_-3 | 35 | | ns | 
[aos as) JOSTwASUowy ———fvo—1e wane Por | Poe 
S) 
) 


nw 


TERI (6) [RW Setup Tine belre AST [ipo @Pvt)-22 _[rworapTpo—te | 20 | | re 

remownfRlRT fos ews f= 

reson PROTA oma feowrnew |e [Lm 

poxom famjermmemeeT ieee de | | 
) 


TdA (DR Address Vall to Data Valid Ipc p.2wss) 68 |WCHTPC (aP+Ws2) - || 140 | ns | 
17 |TdAs(DS) |ASTtoDS J Delay TpC -18 TwCL 14 24] | ons | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
fe oats value and number of wait cycles inserted. ; 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: TpC = OSCIN Period 


13 
14 


15 
16 


P= Clock Prescaling Value TwCH = High Level OSCIN half period 
W= Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN Not 
By 2 Divided By 2 
) 


TdAS (WAIT) |AS T to WAIT J Delay 2(P+1)TpC-29 |(P+t)TpC-29 | | 40 
TdAS (WAIT) [AS Tto WAIT T Minimum Delay |2(P+W+1)TpC-4_|(Pxwet)Tpc—4 | 80 | 
| 3 |TdAS (WAIT) JAS Tto WAIT T Maximum Delay — [2(P+W+1)TpC-29 |(P+ws1)Tpc-29 | | saweao | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
rescale value and number of wait cycles inserted. ; 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


| ame 
poRle D7- on IN ( 


(READ) 


_ EXTERNAL WAIT TIMING 


CPUCLK 


VAOOTIS 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output a Tala unless otherwise specified) 


Value (Note) 
Symbol parameter OsciN pyite OSCIN ae Divided Bats CC 


TeC+8 Cd Twonvi2 


adore eesti habe 
ed ee 
2 fraerck ney [BUSAGRtoeieremme| 20 | a | | ao | ve 
[+ freerck ncn [ausnoxTinouacie | 0 |» | |= | m= 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
presca value and number of wait cycles insert 

e value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


aoe po orc) BREQ J to BUSACK J 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


BUSREQ 


MEMINT 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 5OpF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter | i | ee: 3 By ati 


eae | RDRDY, WRRDY ee eds 2Tp eae Pass 
a in One Line Handshake rae —18 fies ns 


Ball RDSTB, RDSTB, WRSTB Pulse Width Pulse Width aTpCH2 | | ftpoet2 | 

TdST (RDY) |RDSTB, or WRSTB T TpC+45 ie 87 
to RDRDY or WRRDY 1 

TsPD (RDY) |Port Data to RDRDY T (2P+2W+1) TwCH+(W+P) 16 
Set-up Time TpC —25 TpC —25 

TsPD (RDY) |Port Data to WRRDY J Set-up 43 43 43 
Time in One Line Handshake 

ThPD (RDY) |Port Data to WRRDY J Hold 
Time in One Line Handshake 
Set-up Time 

ThPD (STB) |Port Data to WRSTB T 
Hold Time 


RDSTBD T to Port Data Delay 
i TdSTB (PD) Time in Bidirectional Hand- 
TdSTB (PHZ) 


shake 
RDSTB T to Port High-Z Delay 
Time in Bidirectional Hand- 
shake 

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
hey value and number of wait cycles inserted. 

e value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VA00113 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter 


[7 eth [low Cveinnam Pub With Rng Bape tose [aposta_frposte [ee | [ow 
[2 fivti [Hoh ovum use Wain ira Edge moe [poeta [rpoete[e5 | | ne 
[2 wre [Hoh evtniimum ue Wanting ape ado fapoete[rooete [os | [nw 
[+ wir low Leven Puke With inFaling ge ode aoote[rooese [es | [ms 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


OSCIN_ | OSCIN Not 
Divided By | Divided By 
2 Min. 2 Min. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


Symbol Parameter 


TwwDOL_ | WOOUT Low Pulse wid = ae 
TwwDOH | WOOUT High Puse With a i 


TwWDIL WDIN Low Pulse Width 
TwWDIH WDIN High Pulse Width 


WATCHDOG TIMING 


pe 
pe 
Le 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 
Alternate Function set as Push-pull 


Symbol E 


| 2 | THDI(A) Input Data Hold Time 2TpC+i00 | 


) 
Parameter 


| 
Taov [scxtwoutnoaa vaio iY 
io0 [out atarotie «| we] Se 
wart [soxiow picowian «tooo | me 
waned [soxvignrucowan ‘| oo | me 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 53. 68-Lead Plastic Leaded Chip Carrier (C) 


SG 


tC 


| 
arbenardnatdtaT 
ES | SS RS 


fa 


jay 


ORDERING INFORMATION 


ST9040C6/XX D4MHz ~ 40°C to + 85°C PLCCE68 
ST9040C1/XX 0°C to +70°C PLCOC68 


Note: "XX" is the ROM code identifier that is allocated by SGS-THOMSON after receipt of all required options and the related ROM file. 
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ST9040 OPTION LIST 


Please copy this page (enlarge if possible) and complete ALL sections. Send the form, with the ROM code 
image required, to your local S€4S-THOMSON sales office. 


Customer Company : Patines ata ca\icassattelpetceenniaiane ele eel ee eee ee Oe ars eta erate ened ] 

Company Address : Packer iatab gett eat Gitlin tarde er ans Aiea cinerea eRe Semen ] 
Loseretn taal Acad pancicahts c uaetaa snes Recents eae cae ies Vues nea ] 

Telephone : eee aE ee eee ea ] 

FAX : licecssesicaune ace cesisacienee ] 

Contact : [ee eee reer ene ] Telephone (Direct): [............. cece eee ea eee ] 


Please confirm device required : 

Temperature Range [ ] (t) 

Special Marking [ ] (y/n) 11 characters fl] id bd dd} bd) vy) 
Notes : 


(t) 1 =0 to+70°C, 6 =-40 to +85°C 
(N) Available : ASCII 020h - O5Fh 


Please consult your local S@GS-THOMSON sales office for other marking details 


ROMLESS OPTION (consult text) 


[ ] YES [ }] NO 
If yes, identify required pin (Port.bit) 
P3.7 [ ]  P2.0 
Code : [ ] EPROM (27128, 27256) 
[ ] HEX format files on IBM-PC® compatible disk 
filename =. [aicsicceumaeas ee ] 
Confirmation : [ ] Code checked with EPROM device in application 
Yearly Quantity forecast : Likert oteeetthg Genet aetna et ] k units 
- for a period of : Re errr nr ree D ] years 
Preferred Production start dates : lesasdpasen niataasn titre eet araneaa ] (YY/MM/DD) 
Customer Signature : [atin ciac snare eeadeete pea ences ] 
Date : (pee smnss Sanh naa noaaeentn ees yout ] 
“ 69/69 
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ST9OT40 


16K EPROM HCMOS MCUs WITH RAM AND EEPROM 


= Single aay microcontroller with 16K bytes of 
EPROM, 256 bytes of RAM and 256 bytes of 
register file with 224 general purpose registers 
alan as RAM, accumulators or index poin- 
ers. 

= 512 bytes of high-reliability EEPROM on-chip, 
with 300,000 erase/write cycle capability and 10 
year data retention. 

=» On-chip programmable security protection 
against external reading of internal memory. 

= 8/16 bit CORE with full feature DMA controller, a 

Sedatae be interrupt handler and a Standard Sesial 
eripheral Interface (SPI) handling S-bus, I*C- 

bus, IM-bus and Standard Serial Peripheral In- 

terfaces. 

Up to 8 external interrupts edge-selectable plus 

1 non-maskable interrupt. 

= 16 bit programmable Timer with 8 bit Prescaler, 

able to be used as a Watchdog Timer for system 

integrity. 

Two 16 bit Multifunction Timer modules, each 

with an 8 bit prescaler and 13 operating modes, 

allowing simple use for complex waveform 

generation and measurement, PWM functions 

and many other system timing operations. 

= 8 channel Analog to Digital Converter, with inte- 

ral sample and hold, fast 11s conversion time, 
bit +1/2 LSB resolution with Analog Watchdog 

on two channels. 

= Full function Serial Communications Interface 
with 110 to 375,000 baud rate generator, asyn- 
chronous and byte synchronous capability (fully 


Figure 1. ST90E40 Block Diagram 


bela sci 256 BYTES 16K BYTES 
WITH DMA WITH OMA REGISTER FILE EPROM 


i 


May 1994 


CLCC68W PLCC68 


(Ordering Information at the end of the datasheet) 


Pee format) and address/wake-up bit 

option. 

= On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 

= Up to seven 8 bit I/O ports with programmable 
input thresholds and output characteristics. Alter- 
native functions allow the full use of all pins. 

= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 

= Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 

= 68-lead Ceramic Windowed package for 
ST90E40 


256 BYTES 512 BYTES 16-BlT oe 
RAM EEPROM TIMER /WDG 


MEMORY BUS 


yb e & 


VROA1385 


1/21 


365 


ST90E40 - ST90T40 


Figure 2. ST90E40 Pin Configuration 


P37/TIOUTB 
RESET/Vpp 
OSCIN 


Vss 
P44 /AIN4 


a 
= 
= 
“N 
w 
m 
a 


9 8 7 6 5 4 3 2 1 68 67 66 65 64 63 62 61 
@ 


OSCOUT 
P50 
PS! 
P52 
P53 
INTO 
INT7 
P54 
P55 
P56 
PS7 


TIOUTA/P35 O 
TIINA/P34 O 
TOOUTB/P33 CO 58 1) P47/AIN7 
TOINB/P32 C 57D) P46/AIN6 
TOOUTA/P31 C s6 0 P45/AIN5 
P/D/TOINA/P30 G 55 1) P43/AIN3 
54 1) P42/AIN2 
ST9S0E40 530 P41/AIN1 
52 1D P40/AINO 
ST90T40 51 P27/RRDY5S 
50 1 P26/INT3/RS1B5/P/D 


48 ) P24/INT1/WRSTB5 
471) P23/SD0 
46 1) P22/INT2/SCK 
45 J P21/SDI/P/D 
A2/02/P02 C 26 44D P20/NMI 
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 


Voo 

AS 

OS 

R/W 
/P77 
/P76 
WAIT/P75 


P/D/INT6 /P74 


ADTRG/RXCLK/INTS/P73 


CLKOUT/TXCLK /INT4,/P72 
SOUT/P71 
SIN /P70 


A3/03/P03 
A4/D4/P04 
A5/05/P05 
A6 /D6/P06 
“A7/07/P07 


BUSACK 
BUSREQ 


WDIN / 
WDOUT/ 
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GENERAL DESCRIPTION Akey point of the ST90E40 architecture is its modu- 


lar approach which allows software commonality 
The ST90E40 and ST90T40 are EPROM members 
with EEPROM of the ST9 family of microcontrollers, With all other members of the ST9 family. 
in windowed ceramic (E) and plastic OTP (T) pack- ~~ The nucleus of the modular design of the ST90E40 


ages respectively, completely developed and pro- _ig the advanced Core which includes the Central 
duced by SGS-THOMSON Microelectronics using —_ Processing Unit (CPU), the Register File, a 16 bit 
an-well proprietary HCMOS process. Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 


2 
The EPROM parts are fully compatible with their ‘"ipheral Interface supporting S-bus, I°C-bus and 
ROM versions and this datasheet will thus provide —_|M-bus Interface, plus two 8 bit /O ports. The Core 


only information specific to the EPROM based de- —“as independent memory and register buses allow- 
vices. ing a high degree of pipelining to add to the effi- 


ciency of the code execution speed of the extensive 
THE READER IS ASKED TO REFER TO THE instruction set. 
DATASHEET OF THE ST9040 ROM-BASED DE- 


VICE FOR FURTHER DETAILS. The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST90E40 


The EPROM STS0E40 may be used for the proto- —_—_with up to 56 I/O lines dedicated to digital Input/Out- 


typing and pre-production phases of development, —_— put. These lines are grouped into up to seven 8 bit 
and can be configured as: a standalone microcon- —_—_|/O Ports and canbe configured on a bit basis under 
troller with 16K bytes of on-chip ROM, amicrocon- _ oftware control to provide timing, status signals, 
troller able to manage up to 112K bytes of external —_an address/data bus for interfacing external mem- 
memory, or as a parallel processing element ina _— ory, timer inputs and outputs, analog inputs, exter- 
system with other processors and peripheral con- —_— pal interrupts and serial or parallel I/O with or 
trollers. without handshake. 

sh G7 SGS-THOMSON 
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GENERAL DESCRIPTION (Continued) 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (internal and external), Data Memory (ex- 
ternal) and the Register File, which includes the 
control and status registers of the on-chip periphe- 
rals. 


Two 16 bit MultiFunction Timers, each with an 8 bit. 


Prescaler and 13 operating modes allow simple use 
for complex waveform generation and measure- 
ment, PWM functions and many other system tim- 
ing functions by the usage of the two associated 
DMA channels for each timer. 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11ps 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375,000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS indi- 
cates that address, Read/Write (R/W), and Data 
Memory signals are valid for program or data mem- 
ory transfers. Under program control, AS can be 
placed in a high-impedance state along with Port 0 
and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST90E40 
accesses on-chip memory, DS is held high during 


ky SGS-THOMSON 


ST90E40 - ST90T40 


the whole memory cycle. It can be placed in a high 
impedance state along with Port 0, Port 1, AS and 
R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for external 
memory transactions. R/W is low when writing to 
external program or data memory, and high for all 
other transactions. lt can be placed in a high imped- 
ance state along with Port 0, Port 1, AS and DS. 


RESET/Vpp. Reset (input, active low) or Vpp (input). 
The ST9 is initialised by the Reset signal. With the 
deactivation of RESET, program execution begins 
from the Program memory location pointed to by 
the vector contained in program memory locations 
OOh and Oth. In the EPROM programming Mode, 
this pin acts as the programming voltage input VPP. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Converter. 
Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0- 
P4.7, P5.0-P5.7, P7.0-P7.7 //O Port Lines 
(Input/Output, TTL or CMOS compatible). 8 lines 
grouped into I/O ports of 8 bits, bit programmable 
under program control as general purpose I/O or as 
Alternate functions (see next section). 


I/O Port Alternate Functions. 


Each pin of the I/O ports of the ST90E40 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
figure 1.2 shows the Functions allocated to each I/O 
Port pins. 
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PIN DESCRIPTION (Continued) 


Table 1. ST90E40 I/O Port Alternate Function Summary 


a ptm 


a 
a 
a 
a 
a 
ee ee 

eres 


Function 
IN/OUT 


Alternate Function 


a] 
—s — 
il 
—_ (<e) ©o 
oO 


= 


P 


P1.3 


wk 
on 
> 
—, 
roe) 


P14. 


U 
NO 
Oo 
‘ 


Se) 
NO 
Nh 
S 
No 


no 
A 
z 
a 


4 
ine) 
BAN 
= 
J 
” 
= 
88) 
on 


U 
NO 
on 
= 
as 
as 
o 
< 
or 
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PIN DESCRIPTION (Continued) 


Table 1. ST90E40 I/O Port Alternate Function Summary (Continued) 


= tm 


a 
[rer [ron | 0 | vaniinononyes [at _ 
[ro frma | 1 (duties 
Cc 
fs reom | 0 | wrrmmaoman iw 
Ee 
[ma [wore | 0 | wrtmroomas «(oe 
a 
res [rom | 0 [wrmeromea fe 
Ee 
a 
Er 
oe a eC 

a 

a 

ae 


Function 
IN/OUT 


Alternate Function 


[ra fame | tw 
a 
a a 
a 
[rer fa | 1 [wo amtipar we 
an 
a 
a 
a a 

Se 
a 
a 
a 
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PIN DESCRIPTION (Continued) 


Table 1. ST90E40 I/O Port Alternate Function Summary (Continued) 


1/0 PORT : 
| WOPORT Function Alternate Function 


: = 
ee 
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MEMORY 


The memory of the ST90E40 is functionally divided 
into two areas, the Register File and Memory. The 
Memory is divided into two spaces, each having a 
maximum of 65,536 bytes. The two memory spaces 
are separated by function, one space for Program 
code, the other for Data. The ST90E40 16K bytes 
of on-chip EPROM memory are selected at memory 
addresses 0 through 3FFFh (hexadecimal) in the 
PROGRAM space, while the ST90T40 OTP version 
has the top 64 bytes of the EPROM reserved by 
SGS-THOMSON for testing purposes. The DATA 
space includes the 512 bytes of on-chip EEPROM 
at addresses 0 through 1FFh and the 256 bytes of 
on-chip RAM memory at memory addresses 200h 
through 2FFh. 


Figure 3. Memory Spaces 


EXTERNAL 


INTERNAL 


PROGRAM 
SPACE 
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External memory may be addressed using the 
multiplexed address and data buses (Alternate 
Functions of Ports 0 and 1). At addresses greater 
than the first 16K of program space, the ST90E40 
executes external memory cycles for instruction 
fetches. Additional Data Memory may be decoded 
externally by using the P/D Alternate Function out- 
put. The on-chip general purpose (GP) Registers 
may also be used as RAM memory for minimum 
chip count systems. 


EPROM PROGRAMMING 


The 16384 bytes of EPROM memory of the 
ST90E40 (16320 for the ST90T40) may be pro- 
grammed by using the EPROM Programming 
Boards (EPB) available from SGS-THOMSON. 


768 
RAM 
512 


ooo L_SEPROM 


INTERNAL EXTERNAL 


VRO01400 
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ABSOLUTE MAXIMUM RATINGS 


a 
veo Seaview ——SSSCSC~irSC*‘“‘C dP 
Wien aves | Arne Sup Wags ————*d;CWa See Woo Soo | V 
[page dts veo | 
[ve oupatvetegs ———SSSSCSC*dtC 0S Ven | 
(Vor | pu voip onvinn—SSCSC~irSC*«‘“ TBC 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
functional opel of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


< 


< 


< 


< 


< 


RECOMMENDED OPERATING CONDITIONS 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta =— 40 °C to + 85°C, unless otherwise specified) 


Symbol Parameter Test Conditions 


vinck 
ViH Input High Level = 
fomos id cme | 
Input Low Level mo wo | 
jomos | 03 || 08 V0 | 
es 
a 
as 


< 
0 
Oo 
+ 
= 
ié)] 
< 


< 
Oo 
Oo 
- 
oOo 
[e>) 
Sie esate ele 


< 
= 


Vurs _| Reset Input Low Level ee 
Vias _| Reset Input Hysteresis a 


VOoH Output High Level Push Pull, lload = — 0.8mA 


VoL Output Low Level Push Pull or Open Drain, V 
lload = — 1.6mA 0.4 
IWPU Weak Pull-up Current Bidirectional Weak Pull-up, LA 
VoL = OV — 200 — 420 
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DC ELECTRICAL CHARACTERISTICS (continued) 


IAPU Active Pull-up Current, Vin < 0.8V — 420 
aa ta INTO and INT7 oa! 


| tuKio | /O Pin }/OPininputLeakage i Leakage Input/Tri-State, OV < Vin < Vop 


Reset Pin Input Leakage OV < Vin < Vop Be 


+30 
pepe fee et tae 

ree Drain, OV < Vin < Vop +3 

tukae | Active Pull-up | Active Pull-up Input Leakage Leakage oV< lov<evin<oBv sd < 0.8V a ae Ss 

ee — ee 
jawliz,Nowet ||| t2 | ma 
Co Raa fmmenoot | |e | oma 
faaNowt «| «dt | 
lwe | WEI Mode Current eamiz,Noet | ||| 
jaune «Yi es | sm 
[tar [HALTMode Curent | zamz,notet ||| tw] 
[Ver EPROM Progamming vonage | ——=SSS~*~*~dtCt | 
Te [ePRow Pewenmne conn [a 


Note: 1. All I/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square 
wave external clock. No peripheral working. External interface not active (Internal Program Execution). 


Test Conditions 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 


PUSH-PULL OUTPUT 
TEST CONDITION 


“O° SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH-—PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V t 10%, Ta= — 40°C to + 85°C, unless otherwise specified) 


Notes: 
a. Clock divided by 2 internally (MODER.DIV2=1) 
b. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vip =0.8V pp 


Vit =9.2V pp 


VA00116 
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EXTERNAL BUS TIMING TABLE (Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 
12MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter oscIN Divided OSCIN Not Divided in, tax. 
By 2 


Sa ce lac cc Gl 
i AS T 

[afore —— Fe 

[a fson feteomnaanens [ncwmen-e froma | [rel 

eg ee at 


we TdAz(DS) [Address Float to DS Address FloattoDS 


| 6 Twos DS Low Pulse Width (read) pete a (4P42W43) -20 eee (2P+Ws+1) ~ meer le[ | 


Pa | 7 |Twosw | DS Low Pulse IDS Low Pulse Width (write) | IDS Low Pulse Width (write) | Tpc (2P+2W+2)-13 | (2P+2W+2) -13 Tec (Pswet)-13 || (P+W+1) -13 


TwCH+TpC(2P+W+1 
or TdDSR (DR) |DS J to Data Valid Delay (read) TpC (4P+2W-3) 50 reas Fm] Tal 


| 9 | ThDR (DS) _|Data to DS T Hold Time (read) 
TdDS (A) {DS T to Address Active Delay Bd -7 ale 3 fs 
TdDS (AS) [DST to AS 4 Delay TpC -18 TwCL —14 24 | | ns | 


TsRW (AS) | RAW Set- -up Time before AS T | PC (2P+1) 22 TWCH+PTpG —18 clue il 
13 |TdDSR (RM) |DS T to R/W and Address Not |TpC -9 TwCL-5 33 
Valid Delay 
TdDW (DSW) Data Valid to DS J Delay |Tpc (2P41) -32 TwCH+PTpC ~28 40 
write 
ThDS (DW) _|Data Hold Time after DS T TpC -9 TwCL -5 ee 
(write) 


TdA(DR) — |Address Valid to Data Valid SRIRY (3P+W+2) — | foo] 


Delay (read) TpC (6P+2W+5) —68 
Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 


TdAs (DS) |ASTtoDS J Delay TpC -18 TwCL -14 
rescale value and number of wait cycles inserted. 


he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 

P= Clock Prescaling Value 

We= Wait Cycles 

TpC = OSCIN Period 

TwCH = High Level OSCIN half period 
TwCL = Low Level OSCIN half period 
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EXTERNAL BUS TIMING 


CPUCLK 


R/W 


PORTI 


P/B 


PORTO 
(READ) 


(READ) 


PORTO 
(WRITE) 


DS 
(WRITE) 


VA00447 
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EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN Not 
By 2 Divided By 2 


TAS (WAIT) |AS T to WAIT J Delay 2(P+1)TpC-29 | (P+1)TpC -29 aa 
TdAS (WAIT) |AST to WAIT T Minimum Delay —_|2(P+W+1)TpC-4_|(P+W+1)TpC-4 | 80 | 
TdAS (WAIT) |AST to WAIT T Maximum Delay | 2(P+W+1)TpC -29 |(P4W+1)TpC -29 Re cell 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 


Perea value and number of wait cycles inserted. 
e value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 


and zero wait status. 


EXTERNAL WAIT TIMING 


VAOO1I5 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 
SOpF, INTOLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


| Value (Note) 
' Symbol Parameter OSCIN Divided | OSCIN Not Divided 
By 2 By 2 
i ee ee 
cs 


a ea a ci 
ToCeP TANTS THOIPANTTTWCLES | 
2 Teer EAC ERESTIOBUSART[otecoo ——_‘poeTwoteon |_| 185 | me 
[a [TaBncK(@REL) [BUBAGRTioBsreess| ao «| wid | 
[4 [TeBAck GACT) [BUBAGKToBusAcive | ao | —+| |» | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
Becde value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREQ 


BUSACK 


MEMINT 


VAOO114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 


14/21 
st ________ 437 sgs,THomson 
378 


ST90E40 - ST90T40 


HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise sie 


Symbol Parameter eee | oe eee | ey. pees 


TwRDY RDRDY, WRRDY Pulse 
Width in One Line Handshake PG.) 18 | ~18 . s— 
| 2 |TwsTB RDSTB, WRSTB Pulse Width |2TpC+12 | | Tpo+12 


ae (RDY) |RDSTB, or WRSTB T TpC+45 — TwCL) he 
to RDRDY or WRRDY J 

TsPD (RDY) |Port Data to RDRDY T (2P+2W+1) TWCH+(W+P) 16 
Set-up Time TpC —25 TpC —25 

TsPD (RDY) |Port Data to WRRDY J Set-up 43 43 43 
Time in One Line Handshake 

ThPD (RDY) |Port Data to WRRDY J Hold 
Time in One Line Handshake 

7 |TsPD (STB) {Port Data to WRSTB T 10 

Set-up Time 


fist (STB) |Port Data to WRSTB oe 
Lees aad teres aaa Time 


RDSTBD T to Port Data ee 
TdSTB (PD) i in Bidirectional Hand- 

shake 

i aeote T to Port High-Z Delay 

oh ake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
Pt rescale value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: , 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 
INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK 


= 12MHz, Push-pull output configuration, unless otherwise specified) 


* _ 


[1 [feiR [Cow tavelirimam Pulse Wiah she Edge Mode etpovie [porta [ee |_| vs 
[2 [weigh Love inmum Pulse Wath in sing Edge Mode __[aTeO12_|Tporte | 98 |_| ws 
[3 [wir [Rich Level Nirimum Puse Within FalingEdge ede eTeOvie_|pora [os _[ ns 
[4 [wi LowLovel Minimum Puse Wah in Fling Eage Mode __faTecte [Tecra | e6| | ns 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
eh rescale value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 


and zero wait status. 


Value | Value (Note) 


bi OSCIN Not 
Divided By | Divided By 
2 Min. 2 Min. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION F FALLING EDGE DETECTION 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Output Alternate Finciion set as Push-pull) 


Symbol Parameter 


2 Sa 
oe a 
[5 _ | two [wowtoweue wan |_| dT 
[| oi fwonigneusswan iw 


WATCHDOG TIMING 


VA00110 
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ST90E40 - ST90T40 


SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —-40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 
Alternate Function set as Push-pull) 


ee A SO 
2 RIC Bai i 2p ro 
[3 fray [sekiwoupatdaavaid || Ls 
[4 frm Youipubataroatine dt Sd 
[5 __frwset | S0Ktow Pusewamh wis 
[8 frwsie—_[soKrignPusowian ao] |e 


Note: 1. TpC is the Clock period. 


SPI TIMING 
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ST90E40 - ST90T40 


PACKAGES MECHANICAL DATA 
Figure 5. 68-Lead Plastic Leaded Chip Carrier (C) 


| mm | _inches 
bi. fT 
| A |26.02| __(25.27}0.985| _|0.995| 


yt} 


A 


L | 
i 
2 


PIM HMMA 


| Serr 


jw] 


Figure 6. 68-Lead Window Ceramic Leaded Chip Carrier (L) 
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ST90E40 - ST90T40 


ORDERING INFORMATION 
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SGS-THOMSON 
MICROELECTRONICS 


ST90R40 


ROMLESS HCMOS MCU WITH EEPROM, RAM AND A/D 


m Single chip microcontroller with 256 bytes of 
RAM and 256 bytes of Register File with 224 
general purpose registers available as RAM, ac- 
cumulators or index pointers. 


=» Romless to allow maximum external memory 
flexibility in development and production phases. 


m™ 512 bytes of high-reliability EEPROM on-chip, 
with 300,000 erase/write cycle capability and 10 
year data retention. 


= 8/16 bit CORE with full feature DMA controller, a 
powerful interrupt handler and a Standard Serial 
Peripheral Interface (SPI) handling S-BUS, I@C- 
bus, IM-bus and Standard Serial Peripheral In- 
terfaces. 


= Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


= 16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 

= Two 16 bit Multifunction Timer modules, each 
with an 8 bit prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


= 8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 11p1:s conversion time, 
8 bit t1/2 LSB resolution with Analog Watchdog 
on two channels. 


= Full function Serial Communications Interface 
with 110 to 375000 baud rate generator, asyn- 


Figure 1. ST90R40 Block Diagram 


"ADVANCE DATA 


PLCC68 
(Ordering Information at the end of the datasheet) 


chronous and byte synchronous capability (fully 
programmable format) and address/wake-up bit 
option. 

= On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 


= Up to six 8 bit I/O ports with programmable input 
thresholds and output characteristics. Alternative 
functions allow the full use of all pins. 

= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 

= Compatible with ST9040, 16k ROM devices (also 
available in windowed and One Time Programm- 
able EPROM packages). 


= 68-lead Plastic Leaded Chip Carrier package for 
ST90R40. 


oral scl 256 BYTES 256 BYTES 512 BYTES 16-BIT a 
WITH DMA WITH DMA REGISTER FILE RAM EEPROM TIMER/WOG 


| A/O 1/0 
CONVERTER PORT @ 


ys 


May 1991 


MEMORY BUS 


F Ee & 


VROB1385 
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Figure 2. ST90R40 Pin Configuration 


P36/TIINB 
P37/T1OUTB 
P44/AIN4 


TIOUTA/P35 Q 10 
TIINA/P34 G11 
TOOUTB/P33 {| 12 
TOINB/P32 13 


58) P47/AIN7 
570) P46/AIN6 
s6 7 P45/AINS 
55D) P43/AIN3 
54 P42/AIN2 
A13/P15 G18 STSO0R40 
A12/P14 Q 19 

A11/P13 G 20 
A10/P12 G 21 

A9/P11 Q 22 

A8/P10 G 23 


A1/01/P01 25 
A2/02/P02 ( 26 


nD 
~~ 
iJ 
@o 
wR 
wo 
Nn 
> 
uu 


/P77 
/P76 


A3/D3/P03 
A4/D4/P04 
A5/D5/P05 
A6/06/P06 
BUSACK 
BUSREQ 
WAIT/P75 
P/O /INT6/P74 
SOUT/P71 
SIN/P70 


WODIN / 
WDOUT/ 


GENERAL DESCRIPTION 


The ST90R40 is a ROMLESS member of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectro- 
nics using a proprietary n-well HCMOS process. 


The ROMLESS part may be used for the prototyp- 
ing and pre-production phases of development, 
and offers the maximum in program flexibility in 
production systems. 


The ST90R40 is fully compatible with the ST9040 
ROM version and this datasheet will thus provide 
only information specific to the ROMLESS device. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST9040 ROM-BASED DE- 
VICE, OR ST90R50 FOR FURTHER DETAILS. 


The ROMLESS ST90R40 can be configured as a 
microcontroller able to manage up to 128K bytes 
of external memory, or as a parallel processing 
element in a system with other processors and 
peripheral controllers. 


A key point of the ST90R40 architecture is related 
to its modular approach which allows software 
commonality with all other members of the ST9 
family. 


The nucleus of the modular design of the ST90R40 
is the advanced Core which includes the Central 


ADTRG/RXCLK /INT5/P73 
CLKOUT/TXCLK /INT4/P72 


VAOE483 


Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-BUS, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


The powerful !/O capabilities demanded by micro- 
controller applications are fulfilled by the ST90R40 
with up to 48 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to six 8 bit I/O 
Ports and can be configured on a bit basis under 
software control to provide timing and status sig- 
nals, address lines, timer inputs and outputs, 
analog inputs, external interrupts and serial or par- 
allel I/O with or without handshake. 


Three memory spaces are available: Program 
Memory (external), Data Memory (internal and ex- 
ternal) and the Register File, which includes the 
control and status registers of the on-chip periphe- 
rals. 


Two 16 bit MultiFunction Timers, each with an 8 bit 
Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. 


2/19 
—____________ {yg SGS;THOMSON 


388 


GENERAL DESCRIPTION (Continued) 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11ps 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device is a full duplex Serial Com- 
munications Interface with an integral 110 to 
375000 baud rate generator, asynchronous and 
byte synchronous capability (fully programmable 
format) and associated address/wake-up option, 
plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance _ state along with 
Port 0 and Port 1, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST90R40 
accesses on-chip Data memory, DS is held high 
during the whole memory cycle. It can be placed in 
a high impedance state along with Port 0, Port 1, 
AS and R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for mem- 
ory transactions. R/W is low when writing to pro- 
gram or data memory, and high for all other 
transactions. It can be placed in a high impedance 
state along with Port 0, Port 1, AS and DS. 


ST90R40 


RESET. Reset (input, active low). The ST9 is in- 


itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
contained in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


ADO-AD7, (P0.0-P0.7) Address/Data Lines 
(Input/Output, TTL or CMOS compaiible). 8 lines 
providing a multiplexed address and data bus, 
under control of the AS and DS timing signals. 


P1.0-P1.7, P2.0-P2.7 P3.0-P3.7, P4.0-P4.7, P5.0- 
PS.7, P7.0-P7.7 //O Port Lines (Input/Output, TTL 
or CMOS compatible). 48 lines grouped into I/O 
ports of 8 bits, bit programmable under program 
control as general purpose I/O or as Alternate 
functions (see next section). 


1/O Port Alternate Functions. 


Each pin of the I/O ports of the ST90R40 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Figure 1.2 shows the Functions allocated to each 
I/O Port pins. 
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PIN DESCRIPTION (Continued) 


Table 1. ST90R40 I/O Port Alternate Function Summary 


1/0 PORT ' 
Funton canteen 
Port.bit 


/O 
/O 


U 
oO 


/O 


Address/Data bit 6 mux 


Address bit 11 


Program/Data Space Select 


+ 
oO 


RDRDY5 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R40 I/O Port Alternate Function Summary (Continued) 


ae | moe 


Function 


IN/OUT Alternate Function 


MF Timer 0 Input A 


or; Oo 


Program/Data Space Select 


rs 


MF Timer 0 Output A 
MF Timer 0 Input B 


id) 


MF Timer 0 Output B 


NM 


MF Timer 1 Input A 
MF Timer 1 Output A 


— 
()] 


MF Timer 1 Input B 
MF Timer 1 Output B 
A/D Analog Input 0 


ao; oO 
a; hm 


A/D Analog Input 1 


oO 
> 


A/D Analog Input 2 
A/D Analog Input 3 


ee ee ee ee ee 
_ 


A/D Analog Input 4 


o> 
— 


A/D Analog Input 5 


oi 
N 


A/D Analog Input 6 


A/D Analog Input 7 

VO I/O Handshake Port 5 
/O I/O Handshake Port 5 
/O I/O Handshake Port 5 


/O0 1/0 Handshake Port 5 


Oo 
ol 


or 
oO 


/O I/O Handshake Port 5 
1/0 I/O Handshake Port 5 


to?) 
wo 


1/0 I/O Handshake Port 5 


A] Oo 
Q | NM 


SCI Serial Input 


AAS 
NM 


SCI Serial Output 


is 
—_l, 


External Interrupt 4 


is 
—_l, 


SCI Transmit Clock Input 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R40 I/O Port Alternate Function Summary (Continued) 


Function 
IN/OUT Alternate Function 
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MEMORY 


The memory of the ST90R40 is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The two 
memory spaces are separated by function, one 
space for Program code, the other for Data. The 
ST90R40 addresses all program memory in the 
external PROGRAM space. The DATA space in- 
cludes the 512 bytes of on-chip EEPROM at ad- 


MEMORY (Continued) 
Figure 3. Memory Spaces 


INTERNAL EXTERNAL 


PROGRAM 
SPACE 


REGISTER 


ST90R40 


dresses O through 1FFh and the 256 bytes of 
on-chip RAM memory at memory addresses 200h 
through 2FFh. 


The External Memory spaces are addressed using 
the multiplexed address and data buses on Ports 
0 and 1. Additional Data Memory may be decoded 
externally by using the P/D Alternate Function out- 
put. The on-chip general purpose (GP) Registers 
may be used as RAM memory. 


768 
512 


0000 


INTERNAL EXTERNAL 


VROC1404 
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ABSOLUTE MAXIMUM RATINGS 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


in 
es 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta = — 40 °C to + 85°C, unless otherwise specified) 


Symbol Parameter 
| Min, | Tye | Max 


VI Input High Level 


Test Conditions 


>| 
a 
I 
ee 
a 


Input Low Level 


Reset Input High Level 

Reset Input Low Level 
Reset Input Hysteresis 
Output High Level Push Pull, lload=—0.8mA | Vpp—0.8 


Output Low Level Push Pull or Open Drain, — 


lload = — 1.6mA 
si G7 SGS-THOMSON 
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DC ELECTRICAL CHARACTERISTICS (continued) 


Weak Pull-up Current ern ne eae CUYD, 


Value 


yp 


Test Conditions 


— 


: i) 


— 42 


> 


— 200 u 


— 200 — 42 


<= 
> 


= = .— 
> 


: 
| tuxap | Active Pull-up Input Leakage -— 10 


Run Mode Current 
4MHz, Note 1 


+ 

=e 
oO 
> 


+30 | pA 


+ 
> 


ooh, —h, 


+ 
— 
fem) 


+10 yA 


nD 
~] 
3 

> 


3 
> 


ft 
3 
> 


Run Mode Current 24MHz, Note 1 
Prescale by 2 4MHz. Note 1 
24MHz, Note 1 
Iwet WFI Mode Current 
4MHz, Note 1 
IHALT HALT Mode Current 24MHz, Note 1 
No 


te: 
1. All VO Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


mA 


co 
3 
> 


2.5 


3 
> 


100 LA 


DC TEST CONDITIONS 


2.4V 
TTL INPUT 
FORCING CONDITION 
0.45V 
0.8Vpp 
CMOS INPUT 
FORCING CONDITION 
0.2Vop 
3.0V "1" SOURCE CURRENT = —0.8mA 
PUSH-PULL OUTPUT 
TEST CONDITION 0 
= "0" SINK CURRENT = 1.5mA 
3 


BV 
OV "1" SOURCE CURRENT = O 
WEAK PUSH—PULL OUTPUT : 
TEST CONDITION o.sv 
- "0" SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


1 
2 TrC, TfC OSCIN Rise and Fall Time 


TwCL, TwCH OSCIN Low and High Width 
( 


Notes: 
1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


VIH =0.8V DD 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vop = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not Divided 
By 2 By 2 
) 


1 |TsA (AS) eal a Time TpC (2P+1) -22 TWCH+PTpC -18 p20} | ns | 
ThAS (A) _ |Address Hold Time after AST |TpC -17 TwCL -13 iS 2ou ie. “snes 
TdAS (DR) [AS T to Data Available (read) |TpC (4P+2W+4)-52 [TpC (2P+wW+2)-51 | | 115 | ns 

TTwAS _[AS Low Pulse Width TpC (2P+1) -7 TwCH+PTpC -3 | 35 | | ns | 


— 


I 
Takz (OS) [Adress FoattoDST OT rope 
TwDSR DS Low Pulse Width (read) |TpC (4P+2W+3)—20 | TWOH+TPC (2P+W+1) 105] | ns 


7 |TwOSW DS Low Pulse Width (write) |TpC (2P+2W+2)-13 |TpC (P+W+1) -13 | 70 | | ns | 


TADSR (DR) Hane Data Valid Delay TpC (4P42W-3) -80 ore ern = || 75 | ns | 
PS |TROR (Os) |DatatoDSTHodTmeteadjo iO SSSSCSC*dC Cid; 
TdDS (A) __|DS T to Address Active Delay |TpC -7 TwCL-3 he |. . ans’. 
TdDS (AS) |DS T to AS J Delay TpC -18 TwCL -14 | 24] | ns | 
| 12 |TsR/W (AS) |R/W Set-up Time before AST [TpC (2P+1) -22 TwCH+PTpC —18 | 20 | ~~ | ns | 


| +9 |Teose (RAM) |DS Fito apa naatees “TAG =e TwCL -5 33} | ns 
TdDW Write Data Valid to DS J 

ThDS (DW) ae Time after DS T TpC -9 TwCL —5 p33} | ns 

TdA (DR) Star to Data Valid [o¢ (gp, ows) -68 ee (3P+W+2) | | 140 | ns | 


77 reas OS) [AST ODS IDeey __—‘frpete——SC~*i woe —SSC*d |i 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: TpC =OSCIN Period 
P  =Clock Prescaling Value TwCH = High Level OSCIN half period 
W_ = Wait Cycles TwCL =Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) | Unit | 
Symbol Parameter OSCIN Divided OSCIN Not 
By 2 Divided By 2 


TdAS (WAIT) |AS T to WAIT J Delay 2(P+1)TpC-29 |(P+1)Tpc-29 | | 40 | ns | 
TdAS (WAIT) [AS T to WAIT T Minimum Delay |2(P+W+1)TpC —4 |(P+W+1)TpC-4 | 80 | | ns | 


| 3 [Taas (WAIT) |AS T to WAIT T Maximum Delay aes — |(P4W41)TpC -29 f | 83W+40 pas | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


R/W 


PORT! 
P/D 


PORTO 
(READ) 


| | 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VAO00115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta= —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Symbol Parameter OSCIN Divided OSCIN Not Divided in, | ax. 


TpC+8 TWCL+12 50 
+ fren reeniencn) BHIEG L to BUSAOK J 50 | [ts | 
eee TpC(3P4W+3)+TwCL+65 | | 360 | ns | 


a Lote (BACK) IBREQ T to BUSACK T BUSACK T IBREQTtoBUSACKT |3TpC+60 TpC+TwCL+60 TpC+TwoL+60 |_| 185 | ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREQ 


BUSACK 


MEMINT 


VAOO114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpop = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol! Parameter tea ae OSCIN By teas 


RDRDY, WRRDY Pulse Paine Tp 
1 |TwRDY Width in One Line (PW) 2g (PaWet) - 
Handshake 
(T PSL) 
+ 
Port Data to RDRDY T (2P+2W+1) | fixes W+P 
Port Data to WRRDY J Set- 
TsPD (RDY) jup Time in One Line 43 43 43 
Handshake 
Port Data to WRRDY J Hold 
8 fro monitimeindnctneroresoe] | | 8 | FO] 
ees so leptm | @ | | | {et |e 
[2 frmrocsre fistime pe {f= | tal te 


RDSTBD T to Port Data 
TdSTB (PD) |Delay Time in Bidirectional 35 
Handshake 
(PHZ) 


Delay Time in Bidirectional 
Handshake 

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 

prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 

zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter 


[5 [ech |law ion Pi wan Rig Ess | TOE | Tove [6 |_| we 
2 [vias rina Pass Whining apenas etpOve | Tove [6 |__| w_ 
oon [= |__| 
ron [e@ |_| w 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 


and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VAO00I12 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


Symbol Parameter 


Ai) 


TwWDOH | WDOUT High Pulse Width 
TwWDIL | WDIN Low Pulse Width 
TwWDIH | WDIN High Pulse Width 


WATCHDOG TIMING 
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SPI TIMING TABLE (Vop = 5V + 10%, Ta = 40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 
Alternate Function an as Push-pull) 


a 
[2 [mort frewoaattine —__—‘[vetrone ws 
[3 frsor Jacke oapataavas [mw 
[4 rio Jowataaaatne |] 
[5 frst facktowPasewen ‘|e 
(srs foccrnracewan [mo] 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 57. 68-Lead Plastic Leaded Chip Carrier 
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TA fps.ce][as27)0.985| [0.995 
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rar] fesep | lo.t0o] 
ra | |os6| | lo.oz2) 
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ORDERING INFORMATION 


ST90R40C6 24MHz -40°C to +85°C PLCC68 
ST90R40C1 24MHz 0°C to +70°C PLCC68 
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Ays SG5 THOMSON ST9OR50 


ROMLESS HCMOS MCU WITH BANKSWITCH 


= Single chip microcontroller with 256 bytes of reg- 
ister file with 224 general purpose registers avail- 
able as RAM, accumulators or index pointers. 


= Romless to allow maximum external memory 
flexibility in development and production phases. 


BankSwitch logic allowing a maximum address- 
ing capability of 8M bytes for program and data 
spaces (16M byte total). 


= 8/16 bit CORE with full feature DMA controller, a 
powerful interrupt handler and a Standard Serial 
Peripheral Interface (SPI) handling S-bus, I@C-bus, 
IM-bus and Standard Serial Peripheral Interfaces. 


= Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


= 16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 

Three 16 bit Multifunction Timer modules, each 
with an 8 bit prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


= 8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 11ps conversion time, 
8 bit t1/2 LSB resolution with Analog Watchdog 
on two channels. 


Two full function Serial Communications Inter- 
faces with 110 to 375000 baud rate generator, 
asynchronous and byte synchronous capability 


Figure 1. ST90R50 Block Diagram 
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(fully programmable format) and address/wake- 
up bit option. 

= On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 


= Up to nine 8 bit I/O ports with programmable input 
thresholds and output characteristics. Alternative 
functions allow the full use of all pins. 


= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


= Compatible with ST9054, 32k ROM devices (also 
available in windowed and One Time Programm- 
able EPROM packages). 
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This is advanced information on a new product now in development or undergoing evalution. Details are subject to change without notice. 
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Figure 2. ST90R50 Pin Configuration 
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GENERAL DESCRIPTION 


The ST90R50 is a ROMLESS member of the ST9 
family of microcontrollers, completely developed 
and produced by SGS-THOMSON Microelectro- 
nics using a proprietary n-well HCMOS process. 


The ROMLESS part may be used for the prototyp- _ 
ing and pre-production phases of development, 
and offers the maximum in program flexibility in 
production systems with its 16M byte addressing 
space when using the Bankswitch memory expan- 
sion. 
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A key point of the ST90R50 architecture is its 
modular approach which allows software common- 
ality with all other members of the ST9 family. 


The nucleus of the modular design of the ST90R50 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, I@C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 
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GENERAL DESCRIPTION (Continued) 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST90R50 
with up to 72 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to nine 8 bit 
I/O Ports and can be configured on a bit basis under 
sofiware control to provide timing, status signals, 
address and data buses for interfacing external 
memory, timer inputs and outputs, analog inputs, 
external interrupts and serial or parallel 1/O with or 
without handshake. 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (external), Data Memory (internal and ex- 
ternal) and the Register File, which includes the 
control and status registers of the on-chip periphe- 
rals. 


Three 16 bit MultiFunction Timers, each with an 8 
bit Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11us 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device are two full duplex Serial 
Communications Interfaces, each with an integral 
110 to 375000 baud rate generator, asynchronous 
and byte synchronous capability (fully programm- 
able format) and associated address/wake-up op- 
tion, plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance state along with 
Port 0, Port 1, Port 6, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 
DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST90R50 


accesses on-chip RAM memory, DS is held high 
during the whole memory cycle. It can be placed in 
a high impedance state along with Port 0, Port 1, 
Port 6, AS and R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. The timing of R/W may be 
modified when using the Bank Switch Logic mem- 
ory expansion to prevent external timing conflicts. 
R/W can be placed in a high impedance state along 
with Port 0, Port 1, Port 6, AS and DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
contained in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P6.0-P6.7 (input/Output, 
TTL or CMOS compaitible). 8 lines grouped into I/O 
ports of 8 bits providing the external memory inter- 
face to address the external program memory. 


P2.0-P2.7, P4.0-P4.7, P5.0-P5.7, P7.0-P7.7, P8.0- 
P8.7, P9.0-P9.7 //O Port Lines (Input/Output, TTL 
or CMOS compatible). 8 lines grouped into I/O 
ports of 8 bits, bit programmable under program 
control as general purpose I/O or as Alternate 
functions (see next section). 


1/O Port Alternate Functions. 


Each pin of the I/O ports of the ST9O0R50 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Table 1 shows the Functions allocated to each I/O 
Port pins 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R50 I/O Port Alternate Function Summary 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R50 I/O Port Alternate Function Summary (Continued) 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R50 I/O Port Alternate Function Summary (Continued) 


VO PORT Function 
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Alternate Function 
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SPI Serial Data In 

MF Timer 0 input B 

A/D Analog input 2 
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Bank Switch Low Nibble Enable 
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Program/data space select 
MF Timer 0 input A 

A/D Analog input 4 

A/D Analog input 5 

A/D Analog input 6 

A/D Analog input 7 
Handshake Write Ready P5 
MF Timer 3 input A 
Handshake Read Ready P5 
MF Timer 1 input B 
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External interrupt 1 

MF Timer 1 output A 
Handshake Write Strobe P5 
External interrupt 3 

MF Timer 1 output B 
Handshake Read Strobe P5 
MF Timer 1 input A 
External Wait input 

T/WD output 

Program/Data space select 
MF Timer 3 input B 

External interrupt 7 

MF Timer 3 output A 
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PIN DESCRIPTION (Continued) 
Table 1. ST90R50 I/O Port Alternate Function Summary (Continued) 


HO POT Function 
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ST90R50 CORE 


The Core or Central Processing Unit (CPU) of the 
ST90R50 includes the 8 bit Arithmetic Logic Unit 
and the 16 bit Program Counter, System and User 
Stack Pointers. The microcoded Instruction Set is 
highly optimised for both byte (8 bit) and word (16 
bit) data, BCD and Boolean data types, with 14 
addressing modes. Two 8 bit I/O ports are con- 
nected to the Core module for external memory 
interfacing, while a 16 bit Timer/Watchdog gives 
system security and timing functions, and a Serial 
Peripheral Interface allows for synchronous com- 
munication. Three independent buses are control- 
led by the Core, a 16 bit Memory bus, an 8 bit 
Register addressing bus and a 6 bit Interrupt/DMA 
bus connected to the interrupt and DMA controllers 
in the on-chip peripherals and the Core. This 
multiple bus architecture allows a high degree of 
pipelining and parallel operation within the 
ST90R50, giving it its efficiency in both numerical 
calculations and communication with the on-chip 
peripherals. 


fees sow | Ti SOS SSCS 
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es 
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SPI Serial Data Out 


Handshake Read Strobe P4 


MEMORY 


The memory of the ST90R50 is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The 
Memory may be expanded with the Bankswitch 
logic to give paging of the top 32K bytes of each 
space to expand the ST90R50 addressing capa- 
bility to 8M bytes in each space. The two memory 
spaces are separated by function, one space for 
Program code, the other for Data. The ST90R50 
addresses all program memory in the external 
PROGRAM space. 


Off-chip memory, addressed using the address and 
data buses (Port 0, Port 1 and Port 6) and may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function. The mem- 
ory spaces are selected by the execution of the SbM 
and SPM instructions (Set Data Memory and Set 
Program Memory, respectively). 
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MEMORY (Continued) 
Figure 3. Memory Spaces, Bankswitch Disabled 
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Figure 4. Memory Spaces, Bankswitch Enabled 
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MEMORY (Continued) 


There is no need to use either of these instructions 
again until the memory area required is to be 
changed. This requirement is not necessary in two 
cases: first, when operating with external stacks 
(the Data memory is automatically selected) and, 
secondly, when using the memory indirect to mem- 
ory indirect post-increment addressing mode (the 
memory types are specified in the instructions: 
LDPP, LDPD, LDDP, LDDD). 


Either the Data Memory or the Program Memory 
can be addressed using any of the memory ad- 
dressing modes. 


Program Space 


The Program memory space of the ST90R50, 64K 
bytes of off-chip memory is fully available to the 
User. The ST90R50 executes external memory 
cycles for instruction fetches. The first 256 memory 
locations from address 0 to OFFh (hexadecimal) 
hold the Reset Vector, the Top-Level (Pseudo Non- 
Maskable) interrupt, the Divide by Zero Trap vector 


Figure 5. Program and Data Spaces 


VECTOR TABLE 


EXTERNAL 


INTERNAL 


PROGRAM SPACE 
VRO01382 


and, optionally, the interrupt vector table for use 
with the on-chip peripherals and the external inter- 
rupt sources. Each vector is contained in two 
consecutive byte locations, the high order address 
held in the lower (even) byte, the low order address 
held in the upper (odd) byte, forming the address 
which is loaded into the Program Counter when 
selected by the interrupt vector provided by the 
interrupt source. This should point to the relevant 
Interrupt Service routine provided by the User for 
immediate response to the interrupt. 


Data Space 


The STSOR50 addresses External Data through 
the External Memory Interface when decoded with 
the P/D pin. On-chip general purpose Registers 
may be used as additional RAM memory for mini- 
mum chip count systems. 


The Data Space is selected by the execution of the 
SDM instruction. All subsequent memory references 
will access the Data Space. When a separate Data 
Space is not required, data may stored in external 
RAM or ROM memory within the Program Space. 


INTERNAL EXTERNAL 


DATA SPACE 
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REGISTERS 


The ST90R50 register file consists of 240 registers 
(224 general purpose) plus pages of 16 registers 
supporting the configuration and control registers 
for the on-chip peripherals. The 224 general pur- 
pose registers all have 8 and 16 bit arithmetic 
capability and may be used as accumulators, on- 
chip RAM, internal Stack areas (for system and/or 
user stacks), or, with the appropriate addressing 
modes, as index, offset or stack pointers. 


The register file is arranged into 16 groups of 16 
registers, where the general purpose registers oc- 
cupy the first 14 groups. The 15th group, E, con- 
tains the system registers and Group F contains 
the pages of the on-chip peripheral control regis- 
ters. 


Group F is paged in this manner due to the modu- 
larity of the ST9 family of microcontrollers. Each 
member of the family retains all general purpose 


Figure 6. Register Grouping 
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and system registers, only the paged register 
groups changing owing to the different on-chip 
peripheral organizations of each device. The User 
can therefore generate code libraries which use the 
general purpose registers knowing that they will not 
be lost on future ST9 devices. To address a paged 
register, the Page Pointer (PPR, R234) within the 
system register group must be loaded with the 
relevant page number using the SPP instruction. 
Subsequently any access to registers in the top 
group (R240-R255) will refer to the selected page. 
This remains set until the next change to the Page 
Pointer register (by the SPP instruction). 


The System group (Group E, registers REO to REF) 
includes the system and user stack pointers, the 
Mode register, the ALU FLAG register and the Page 
pointer register. In addition the data registers for 
the first 6 I/O ports are present, the configuration 
registers for the ports being in the paged area. This 
allows the immediate access to these I/O ports at 
all times. 


Figure 7. Page Pointer Mechanism 
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REGISTERS (Continued) 


Figure 8. ST90R50 Group F Peripheral Organisation 
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The Register Pointers, present in the system reg- 
ister group, select groups of registers as "Working 
Registers", which have faster addressing modes 
than direct Register addressing and allows smaller 
code size. The Register Pointers may either be 
used singly, creating a register group of 16 working 
registers, or as two independent groups of 8 work- 
ing registers which may be placed at any 8 register 


IST SGS-THOMSON 


43 63 
2B 3F 


D 1 19 
_ | RESER. | RESER. 


+ 
tie a 4 
re ~ 
BP geet 
> 
4,  * 
ag sy 
= fos 
 %& z 
< oe 
cop nea & 
og e ” 
x « 
toy * 
> oy 
ras 
ee 
es Be 
7 et * 
ca } z: 
. iF 
whee oe 
eae tad 
’ > * 
eo4 ane 
f $ 
A 
St eee 
‘ on £8 
v Be. 
> SL Ars ¥ 
< 
a age 
Seay 7 
Pees 
x * AS 
“hoe 
eZ ‘ 
> * 
at 
aa 5 
a Meow 
©. Ata 
set Ale wrk etek Me ed sw 
woe « % “ne EN 
$ 
3 ‘ 
* on . tw 
> 
ca yevtoa 
‘ ae 
* 
Nees 
hae * 
‘ Ais & 
aan a 
iS a Se 
aa y 
> 
# 
. ot 
’ 
* ‘ ¥ ve 
’ 
> 
aa” 
‘ z 
‘ 


boundary within the register file. The single and 
twin working register modes are automatically set 
by hardware when the respective SRP and either 
SRPO or SRP1 instructions are executed. If working 
registers are used as accumulators and RAM loca- 
tions for particular tasks, fast context switching on 
interrupts may be achieved by setting the register 
pointer to another group for the Interrupt Service 
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REGISTERS (Continued) 


Routine, ISR, (e.g. saving the Register pointer on 
the stack), using the new group in the ISR and 
subsequently restoring the original group before 
the Return from Interrupt instruction. Working reg- 
isters also allow the use of the ABAR - Any Bit-Any 
Register Boolean operations (including directly on 
the I/O port data registers). 


In the ST9 syntax, directly addressed Registers are 
indicated with a capital R e.g. RO, R224, RBF, with 
Register Pairs (16 bit accumulators or memory 
pointers) as RRO, RR24. When using Working 
Registers, groups of 16 registers (SRP instruction) 
are denoted as r0 to r15 (rr to rr14), while the dual 
working register group are addressed as r0 to r7 
(rrO to rr6), for the first group of 8 registers (SRPO), 
with r8 to r15 (rr8 to rr1 4) for the second set (SRP1). 


Working register addressing requires a 4 bit field - 
within the instruction. When packed into a byte, the - 


upper nibble is set to Dh (1101b), this being the 
escape code to indicate the use of the working 
registers. As a result, group D CANNOT be se- 
lected with direct register addressing, it is recom- 
mended that this group be used as internal stacking 
area when using register file based system or user 
stack pointers. 


Figure 9. Groupe E Register Map 
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Figure 10. Single Working Register Bank 
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Figure 11. Dual Working Register Banks 
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STACK POINTERS 


There are two separate, double register stack poin- 
ters available (System and User), both of which can 
operate in register or Data memory address 
spaces. These operate in a Pre-Decrement mode 
when data is PUSHed onto the Stack and in a 
Post-Increment mode when data is PoPed from the 
stack. 


The SYSTEM Stack Pointer (SSPR, R238:R239) 
is used for the storage of temporarily suspended 
system and/or control registers (ie the the Program 
Counter and FLAG register) while interrupts are 
being serviced, and is used for the storage of the 
Program Counter following the CALLing of a sub- 
routine. 


The USER Stack Pointer (USPR, R236:R237) is 
completely free from all interference from automat- 
ic operations and so provides for a totally User 
controlled stack area. 


Figure 12. Internal Stack Pointers 
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Both Stack pointers may operate with both byte 
(PUSH,POP) and word (PUSHW,POPW) data, and are 
differentiated by appending a "U" to the instruction 
mnemonic for the User Stack (PUSHU/PUSHUW, 
POPU/POPUW). 


When the Stack Pointers are using RAM Memory 
as the stack areas, a full word register is used as 
the pointer, while when operating with the stack 
area within the Register File (Groups 0 to 14 only, 
but not the within the system and paged groups) 
only an 8 bit register is required for addressing and 
consequently only the low byte of the word regis- 
ters are used (R239 for the System Stack and R237 
for the User Stack). In this latter case the upper byte 
of the stack pointer registers (R238 and R236) 
must be considered as reserved. The Stack Poin- 
ters may be selected to point to RAM or Register 
file by the setting of the SSP (MODER.7) and USP 
(MODER.6) of the ST90R50 configuration register 
(MODER, R235) where a "1" denotes Register file 
operation (Default at Reset) and "0" causes exter- 
nal Data space operation. 


Figure 13. External Stack Pointers 
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INTERRUPTS 


The ST90R50 offers a powerful solution to the 
response requirements of real-time systems with 
its advanced interrupt structure. Interrupt trigger 
sources can be prioritized within 8 levels to match 
the priorities assigned to the application. In addition 
a top-level or non-maskable interrupt is available. 


The ST90R50 interrupts follow the logical flow of 
Figure 14. 


Interrupt events (selectable with each function) 
cause the setting of the Interrupt Pending (IP) bit 
within the status register of the peripheral. This bit 
may also be set by software in order to generate a 
software interrupt, and should normally be reset by 
software within the interrupt service routine. If the 
interrupt is not Masked with the corresponding 
Interrupt Mask bit, the interrupt is passed to the 
central interrupt control logic where the priority level 
assigned by the User to the interrupt source is 
compared with the priority level of the core (User 
programmed dynamically in the 3 bits of the Central 
Priority register (CPL, CICR.0-2, Level 7 is the 
lowest priority and level 0 the highest). If the incom- 
ing priority level is higher than the CPL, and Global 


Figure 14. Interrupt Logic 
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Interrupts are enabled (by the EI instruction, inter- 
rupts are disabled by the execution of the DI 
instruction), the interrupt is acknowledged. If inter- 
rupts are globally disabled, the priority level of the 
source is lower than or equal to the CPL or the 
Interrupt is masked, then the IP bit remains set and 
the interrupt is held pending until the EI instruction 
is executed, the CPLis set to a lower level AND the 
interrupt is un-masked. Alternatively the IP bit of a 
masked interrupt source may be used in a polled 
interrupt environment, with the IP bit being reset by 
software within the service routine. 


The interrupt acknowledge cycle causes the Pro- 
gram Counter and FLAGS register to be pushed 
onto the System Stack (PC low byte first, PC high 
byte, then FLAGS Register) and all maskable inter- 
rupts to be disabled by resetting the IEN bit 
(CICR.4). The peripheral Interrupt Vector, IVR, a 
User programmable feature of the peripheral inter- 
rupt control registers, is used as an offset into the 
vector table, pointing to the high byte (even ad- 
dress) of the 16 bit address which should contain 
the starting address of the interrupt service routine. 
Addresses 0 through 255 of the program space 
comprise the interrupt vector table. Where multiple 
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INTERRUPTS (Continued) 
Figure 15. Interrupt Vector Table Usage 
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interrupt Sources may occur within a peripheral, the 
peripheral interrupt vector source may be encoded 
by hardware set bits within the IVR register. This 
means that the vector address defined in the pe- 
ripheral IVR is the base address for a block of 
vectors servicing that peripheral. The address 
pointed to by the vector is loaded into the Program 
Counter and execution restarts from this point. 


The interrupt service routine should clear the inter- 
rupt pending flag of the interrupt source and take 
the appropriate action. The last instruction of the 
interrupt service routine should be the IRET in- 
struction, the action of this is to restore the Program 
Counter and Flags register to their value prior to 
the interrupt acknowledgment, and to re-enable 
interrupts. Within the interrupt service routine, use 
may be made of the working register pointer mech- 
anism to reduce the context switching time. 


Two interrupt arbitration modes are available for 
use with the 8 level priority scheme, Nested and 
Concurrent modes. These are selected by the 
status of the IAM bit (CICR.3). 


hy 
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Concurrent mode, selected when IAM = "0" (the 
reset condition) is the standard interrupt arbitration 
mode, where the arbitration phase of every instruc- 
tion acknowledges interrupts according to their 
priority level (if higher than the CPL) and follows the 
sequence shown. All pending interrupts existing or 
having eventually occurred during interrupt service 
routine execution, remain pending until the Enable 
Interrupt instruction (EI) (even if it is executed 
during the interrupt service routine). EI within the 
interrupt service routine is not recommended for 
use with the Concurrent arbitration mode as this 
can trigger a Last In, First Out condition where high 
priority interrupts are masked by lower priority in- 
terrupts which are all higher than the CPL value. 


Nested mode, selected when IAM = "1", uses the 
same arbitration phase as concurrent mode, the 
difference being that the CPLis modified during the 
interrupt processing cycle to that of the acknow- 
ledged interrupt level. The CPL value is pushed by 
hardware into the Nested Interrupt Control register 
(NICR, R247 page 0) by setting the NICR bit corre- 
sponding to the CPL value. The interrupt service 
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INTERRUPTS (Continued) 
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Figure 16. Interrupt Modes Example of Usage 
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routine is entered in the normal manner. The re- § Table 2. ST90R50 Interrupt Hardware Daisy 
vised CPL level is used for arbitration of further Chain 

interrupts, each higher level being saved on the =a 

NICR stack, and being restored automatically by es High Priority 
hardware with the IRET instruction. This allows the INTB 

execution of the EI instruction within the interrupt INTC 

service routine to operate the correct nesting of 
interrupts. The two modes are shown graphically in INTD 
Figure 16, where the Y axis shows the CPL value. METIMERO 
It should be noted that in the example INT1 will not 
be acknowledged until the CPL level is pro- SCI 0 
grammed to a lower level. SCI 4 


Interrupts coming from on-chip sources at the AD 
same instant, and at the same priority level, are 
resolved during the arbitration phase according to MFTIMER3 . 
a hardware daisy-chain. This follows the priorities aes 

of the table shown in Table 2. ee EON eSU Oy 
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INTERRUPTS (Continued) 


External Interrupts. Up to 8 external interrupts are 
available on the ST90R50 as alternate function 
inputs of I/O pins. These may be selected to be 
triggered on rising or falling edges and can be 
independently masked. The eight external interrupt 
sources are grouped into four pairs or channels 
which can be assigned to independent interrupt 
priority levels. Within each channel the even inter- 
rupt number takes the even priority level and the 
odd channel the odd priority level (even+1). 


Table 3. External Interrupt Channel Grouping 
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Several of the External Interrupt channels have 
their inputs selectable between the external inter- 
rupt source and on-chip peripheral sources. 


Figure 17. Top-Level Interrupt Structure 
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Table 4. ST90R50 External Interrupt Souce 
Selection 


INTO 


Timer/Watchdog 


End of Count 
INT2 


SPI Interrupt 


Top Level Interrupt. The Top Level Interrupt chan- 
nel can be assigned either to the external NMI pin 
or to the Timer/Watchdog output. When selected 
as the external NMI pin, the active edge may be 
programmed to be rising or falling. The TLI event 
will cause the setting of the TLIP bit (CICR.6) and 
according to the mask situation, a Top Level Inter- 
rupt request may be generated. Two masking con- 
ditions are available, a Maskable Mask and a 
Not-Maskable Mask. 


The Maskable Top Level Interrupt may be enabled 
or disabled by software and follows the state of the 
Global Interrupt Enable bit IEN (CICR.4), while the 
Not-Maskable Mask bit (TLI, CICR.5) is a set-only 
mask. Once set, the Top Level Interrupt is active 
independently of IEN and cannot be disabled until 
the next Reset cycle. 
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DMA 


The ST90R50 has on-chip DMA channels to pro- 
vide high-speed data transaction between periph- 
erals and Memory or Register File. Multi-channel 
DMA is fully supported because each peripheral 
can have its own DMA channel(s). Each DMA 
channel transfers data to/from contiguous loca- 
tions of the Register File, Program Memory or Data 
Memory. The maximum number of transactions 
that each DMA channel can perform is 222 if the 
Register File is selected and 65536 if Program or 
Data Memory are selected. 


DMA transfer to (or from) the Register File takes 8 
INTCLK cycles, DMA transfer to (or from) Memory 
takes 16 INTCLK cycles. If the ST9OR50 is in the 
idle mode (following the execution of the WFT in- 
struction), DMA requests are acknowledged ac- 
cording to their priority and control is returned to 
the idle mode pending an interrupt, this operation 
increases the number of INTCLK cycles by 2 for 
both Register File and Memory DMA transactions. 


Each DMA channel has its own control registers 
located in the page(s) related to the peripheral. 


Figure 18. DMA Between Registers and Peripheral 
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There are two pointer registers, DAPR which points 
to a register or register pair containing the current 
DMA address to/from which data will be trans- 
ferred, and DCPR, which points to a register or 
register pair which contain the transaction counter 
for the DMA operations. Each DMA transfer con- 
sists of three operations: 


— A load from/to the peripheral data register 
to/from a location of Register File (or Memory) 
addressed through the DMA Address Register 
(or Register Pair) 


— Apost-increment of the DMA Address Register 
(or Register Pair) 


— A post-decrement of the DMA transaction 
counter, which contains the number of transac- 
tions that have still to be performed. 


When the transaction counter reaches 0 (all data 
has been transferred) an End of Block Interrupt 
event is generated to allow the processing of the 
DMA data block, or, by reloading the Address and 
counter registers and retriggering, arepeated DMA 
cycle. 
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DMA (Continued) 


A SWAP mode, allowing continuous DMA oper- 
ation, is available for the Multifunction Timer and is 
described in the section relating to the Multifunction 
Timer. 

The ST90R50 has DMA channels associated with 
the Serial Communications Interface Input and 
Output Serial data channels; the 16 bit Load/Cap- 


Figure 19. DMA Between Memory and Peripheral 
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ture Register 0, CAPTOR, of each Multifunction 
Timer allowing the timing of external signals to be 
captured into a table for off-line analysis or for the 
automatic output of PWM signals of variable width 
and timing; and the 16 bit Comparison Register 0, 
COMPOR, of each Multifunction Timer which can 
be programmed to cause output or input of parallel 
data through the handshake ports under DMA. 
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CLOCK GENERATION, WAIT, HALT AND RESET 


Clock Generation 


The ST90R50 Clock Generator module generates 
the internal clock for the ST9 core and the on-chip 
peripherals, it may be driven by an external quartz 
crystal circuit, connected to the OSCIN and OS- 
COUT pins, or by an external pulse generator 
connected to OSCIN (Figures 20, 21). 


The conceptual schematic of the ST9 internal clock 
circuit is shown in Figure 22. 


Figure 20. Crystal Oscillator 
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Figure 22. Internal Clock Circuit 
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The maximum external frequency of the ST9 is 24 
MHz, while the maximum internal operating fre- 
quency is 12 MHz, thus a programmable divide by 
two circuit is present, this allows the use of high 
frequency crystals for economy, or low frequency 
crystals for reduction in radiated noise. This divider 
is active upon exit from the reset condition, the User 
may bypass the divide by two circuit by setting the 
DIV2 bit (MODER.5). The resulting clock from this 
section is named INTCLK, the internal clock which 
drives the timebases of the on-chip clock for the 
ST90R50 peripherals (eg the Multifunction Timer, 


Figure 21. External Oscillator 
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CLOCK GENERATION, WAIT, HALT AND 
RESET (Continued) 


Timer/Watchdog, Serial Communications Inter- 
face) and also the input of the CPU prescaler 
section. The CPU of the ST9 includes the instruc- 
tion execution logic and may run at different rates 
according to the setting of the PRS2,PRS1 and 
PRSO bits (MODER.4-2) (figure 23). The resulting 
clock is named CPUCLK and it should be noted that 
this does not maintain a 50% duty cycle, but stret- 
ches the high level of the clock until completion. 
The CPUCLK prescaler allows the User to slow 
down the program execution time (eg for lower 
power consumption), while time-critical sections of 
the program may tune the CPUCLK execution 
speed to high speed and then restore it to its 
original speed. 


Figure 23. CPUCLK Prescaler 
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Wait States 


The output from the prescaler can also be affected 
by wait states. Wait states from two sources allow 
the User to tailor timing for slow external memories 
or peripherals. The internal Wait State generator 
will insert from 0 to 7 wait states, independently 
programmable for both Program and Data Spaces, 
via the Wait Control Register WCR (R252, page 0). 
The second source of wait states is the external 
Wait input pin when enabled as the Alternate Func- 
tion. Fig 24 shows the External Memory Interface 
timing as it relates to CPUCLK prescaling of 2 and 
5 added wait states. The added wait states are 
derived from the INTCLK clock cycle, not CPUCLK. 
Internal memory is always accessed with no Wait 
states. 
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 


Figure 24. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States 
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Halt and Wait for Interrupt (WFI) States 


The schematic of the on-chip oscillator circuit is 
shown in figure 25. The HALT condition, caused by 
the execution of the HALT instruction, disables the 
oscillator, forcing OSCOUT high. This places the 
ST90R50 into the lowest power mode. The exit of 
the HALT condition and the restarting of the oscil- 
lator requires a RESET pulse with a minimum 
duration of 10ms (figure 26). It must be noted that 
if the TIMER/WATCHDOG has the WATCHDOG 
mode enabled, a HALT instruction will not disable 
the oscillator; this is to avoid stopping the Watch- 
dog if, by an error, a HALT instruction is executed. 
lf this occurs, the ST90R50 runs in an endless loop 
terminated only by the Watchdog reset (or hard- 
ware reset). 


The wri (Wait for Interrupt) instruction suspends 
program execution until an interrupt request is 
acknowledged. During this period, DMA transac- 
tions are allowed if their priority is higher than or 
equal to the CPL level; the ST90R50 returns to WFI 
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Figure 25. Oscillator Schematic 
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CLOCK GENERATION, WAIT, HALT AND 
RESET (Continued) 


mode after completion of the DMA transfer. The 
CPUCLK is halted during Wait For Interrupt while 
INTCLK continues to run, thus the power consump- 
tion of the processor is lowered by the CORE power 
consumption value. 


The External Memory Interface lines status during 
HALT and WFI modes is shown in Table 5. 


Table 5. External Memory Interface Line 
Status During WFI and Halt 


ST90R50 


Reset 


The processor Reset overrides all other conditions 
and forces the ST90R50 to the reset state. During 
Reset, the internal registers are set to their Reset 
values, as shown in Table 6 for the system and 
Page 0 Registers. The I/O Ports pins are set to the 
Bidirectional Weak Pull-up mode. The User must 
then initialize the ST9OR50 registers to give the 
required functions. 


The Reset condition can be generated from the 
external RESET pin or by the on-chip 
TIMER/WATCHDOG operating in Watchdog 
mode. To guarantee the complete reset of the 
ST90R50, the RESET input pin must be held low 
for at minimum of 53 crystal periods in addition to 
the crystal start-up period. The Watchdog RESET 
will occur if the Watchdog mode is enabled (WDEN, 
WCR.6, is reset) and if the programmed period has 
elapsed without the code OAAh,55h written to the 
appropriate register. The input pin RESET is not 
driven low by the on-chip reset generated by the 
TIMER/WATCHDOG. 


Figure 26. Reset Timing Requirements from Halt State 
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 


Table 6. System and Page 0 Reset Values 
Number Reset Value 
: 


System Register 
Reset Value 


Ce 
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0 
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<a 
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During the RESET state, DS is held low and AS is 
toggled with the frequency of the crystal (OSCIN) 
divided by 32. This condition may be recognized by 
external peripherals as a Reset condition. It may 
also be used to enable the synchronization of 
multiple ST90R50 running from the same clock in 
a multi-processing or high security majority voting 
system. 
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Once the Reset pin reaches a logical high, the 
ST90R50 fetches the starting address from loca- 
tions O and 1 of the program space and begins 
program execution from this address after 67 crys- 
tal cycles. 
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INTERFACING TO EXTERNAL MEMORY 


External Memory and/or peripherals may be con- 
nected to the ST90R50 through its External Mem- 
ory Interface. This provides the multiplexed 
Address bits AO to A7 and Data bits DO to D7 on 
Port 0, and the higher order address bits A8 to A15 
on Port 1, giving the full 64K bytes addressing 
capability. Port 6 is available to be programmed as 
non-multiplexed address outputs AO to A7 to re- 
duce the requirement for an external latch to de- 
multiplex the low order addresses. Port 0, in this 
case, becomes solely the Data I/O port. The Pro- 
gram/ Data (P/D) output, when selected as an Alter- 
nate function, allows external decoding to provide 
Ko the two independent pages for Program and 
ata. 


Data transfer timing is generated by the Address 
strobe AS and the data strobe DS. Address strobe 
low indicates that the data present on ADO to AD7 
is the low order address and is guaranteed valid on 
the rising edge of AS allowing for latching of the 


Figure 27. External Memory Addressing Circuit 
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address bits by an external latch (if Port 6 is not 
used). Data transfer direction is indicated by the 
status of the Read/Write (R/W) pin; for write cycles 
(R/W low), data out is valid at the falling edge of 
DS; for read cycles (R/W high), data in must be 
valid prior to the rising edge of DS. The timing of 
the R/W signal may be modified by the setting of 
the RW bit (bit O Register OFFh, page 0) in order to 
accomodate different types of external memories. 
In addition, when the Bank Switch logic is enabled, 
the timing of the Bank Switch outputs may be 
modified by software to prevent potential conflicts 
on the data bus. Please refer to following sections 
for further details. 


The Data Strobe low period may be extended to 
accomodate slow external devices by the adding 
of internally generated wait cycles (0 to 7 cycles for 
both program and data memory maps) or by an 
external input on the WAIT input pin also available 
as an Alternative Function of an I/O bit. Suggested 
interface circuits are shown in figures 27 and 28. 
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INTERFACING TO EXTERNAL MEMORY (Continued) 


Figure 28. External Memory Addressing Circuit 
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Port 2 of the ST90R50 may be programmed by the 
User to become extended address lines allowing 
expansion of the memory to a maximum of 8M 
bytes in both program and data pages. This is 
achieved by paging of the top 32K bytes of memory 
(A15 high, addresses 8000h to FFFFh), with the 
lower 32K bytes (A15 low addresses 0000h to 
7FFFh) remaining static. The static area, segment 
0, allows for the direct access to interrupt service 
and page change routines, and other common 
sub-routines, while the paged segments (1 to 256) 
of 32K bytes may contain additional program code, 
database entries, printer fonts, buffer space, or any 
other function requiring a large amount of memory. 


The setting of Port 2 is made during the Reset 
cycle, by the latched status of the signals 
BSH_EN1 and BSL_EN1. These control the high 
and low nibbles of Port 2 between Address Expan- 
sion lines and normal I/O lines as shown in Table 7. 
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Table 7. Port 2 Nibble Programming For Bank 
Switch and I/O 


ps Port 
BS Port PS Por note ps Value 
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In order to program the functions, weak pull- 
up/down resistors (100k ohm) on the BSH_EN1 
and BSL_EN1 designated lines are used to gener- 
ate the logic level latched on the rising edge of the’ 
Reset input. After this event, these lines may be 
used as I/O and be programmed in the normal way. 
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Figure 29. Bank Switch Memory Maps 
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When the Address Expansion is selected, several 
I/O port configuration registers take an alternative 
function. The Port Data Registers for I/O ports 2 
and 3 (Registers E2h and E3h) become the Bank 
Switch Data Segment Register and Bank Switch 
Program Segment Register respectively. The 
values held in these registers are output on Port 2 
whenever a memory access is made to either data 
or program spaces with A15 high. This allows Port 
2 bits to represent either extended address lines 
A16 to A23 or to output chip-selects to external 
memories. For this second option the reset value 
for these registers, and the value output whenever 
A15 is low, is OFEh, generating the selection of a 
standard "startup" page automatically. Port 2 Con- 
figuration registers P2CO and P2C1 contained in 
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I/O Page 2 hold the User programmed values 
output on Port 2 for DMA cycles with addresses in 
the the high 32K byte of the memory for data and 
program spaces respectively. 


Warning: The Bankswitch Program DMA register 
occupies the same register as Port 2 Control Reg- 
ister 2 (P2CR), so caution must be taken in writing 
to BS_PDSR when the high nibble is used as I/O 
and the low nibble is used for the Bankswitch output 
as P2C2 is used for the port configuration. The 
Program and Data Segment Registers are located 
in the direct Register file within the System Register 
group in order to be immediately accessible, while 
the DMA Segment Registers are held within an I/O 
page as, once programmed, they do not need 
constant service. 
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BANKSWITCH LOGIC (Continued) 
Figure 30. Bank Switch Register Mapping 
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BANKSWITCH LOGIC (Continued) 


Output Timing 

In order to prevent potential bus conflicts on Port 0 
(Address/Data multiplexed) during the address 
strobe time when using the Bankswitch logic, the 
timing of the Bankswitch outputs may be modified 
by software. This is achieved by setting to "1" bit 1 
of Register OFFh in I/O page 0. This causes the 
Bankswitch outputs to be all high during the ad- 
dress strobe period. The reset condition provides 
normal timing and status. 


Figure 31. Bankswitch Output Timing Modification 
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The timing of the Read/Write signal may be modi- 
fied as shown in the next figure by setting to "1" bit 
O of Register OFFh in 1/O page O. This allows the 
use of different types of external memories. When 
this bit is "0" (the reset state) normal timing is 
generated. 

Note : The LST9 ST9 Incremental Linker supports the paging 


mechanism of the ST90R50 and is able to allocate program and data 
code into specific segments if required. 


MACHINE CYCLE 
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BANKSWITCH LOGIC (Continued) 
Figure 32. R/W Output Timing Modification 
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BUS CONTROL 


Multi-processing or external program testing may 
be accomplished by disabling the I/O ports used for 
external memory addressing and the associated 
timing signals. 


High Impedance Mode 


The User may place the External Memory Interface 
(I/O Port 0, Port 1 and Port 6, Address Strobe, Data 
Strobe and Read/Write) into the high impedance 
state by setting the HIMP bit (MODER.0). External 
test equipment may then drive the memory lines for 
automatic test, external memory validation or pro- 
gramming. The ST9 will continue to execute inter- 
nal programs, providing no external memory is 
addressed, allowing the execution of security rou- 
tines without showing externally the addresses 
used. 
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Bus Request/Acknowledge 


The External Memory Interface address ports and 
timing signals may be forced to their high imped- 


’ ance state by utilizing the BUSREQ, Bus Request, 


and BUSACK, Bus Acknowledge, signals available 
as Alternate Functions of two I/O pins. The signals, 
BUSREQ and BUSACK, must be enabled by set- 
ting the BRQEN bit (MODER.1). Once enabled, a 
low level detected on the BUSREQ pin at the start 
of an internal machine cycle will cause the stretch- 
ing of the CPUCLK, and BUSACK to go low indi- 
cating that the External Memory Interface is 
disabled. The BUSREQ pin is then continuously 
monitored, and when sampled high, the External 
Memory Interface pins are driven by the ST9 within 
two INTCLK cycles. 
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Summary of Function 


For the ST90R50 84 pin package, only twelve pins 
have a Reserved function: Vpp(x2), Vss(x2), 
RESET, AS, DS, R/W, OSCIN, OSCOUT, the 
Analog to Digital Converter Voltage references. All 
other pins are available as Input/Output (I/O) forthe 
User, grouped into Ports of 8 bits. These may be 
programmed to be Input, Output, Bidirectional or 
Alternate Function (Peripheral or Memory Inter- 
face), on a bit by bit basis, at any time. When 
programmed as an Input the pin may be set to TTL 
or CMOS input threshold levels, while, when pro- 
grammed as Output, Push-Pull or Open Drain con- 
figuration may be selected. The Bidirectional mode 
sets the pin with a weak pull-up resistor to Vpp or 
to Open Drain, allowing bidirectional communica- 
tion with external logic. The Alternate Function 
setting is predetermined for each pin as shown in 
the Pin Configuration Table. 


The circuitry of the I/O port allows for several 
ST90R50 peripheral functions to address, as Alter- 
nate Functions, the same pin, for both input and 
output, the User selects which peripheral function 
is to be active by enabling its individual Input or 
Output function. This multi-function I/O capability of 
the ST90R50 allows for easy adaptation to external 


Figure 33. I/O Port Schematic 
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Table 8. I/O Setting Options 
TTL Thresholds 
Input 
| CMOS Thresholds Thresholds 
}PushPull Pull 


i ae: 
Bidirectional 
| Weak Pull-up Pull- a 


Push Pull 


circuits. The options available for each bit are sum- 
marized in Table 8. 


Alternate Function 


1/O Port Configuration 


The configuration of each general I/O bit of the 
ST90R50 is set by the corresponding bits in three 
I/O Port control registers. These affect the status of 
the input and output buffers of the pin, and enable 
the Alternate function Outputs. Alternate Function 
inputs are always connected, and are used by 
enabling the function from within the configuration 
registers of the relevant peripheral function. The 
configuration of an I/O bit is shown in figure 33. 
Outputs follow a Master/Slave buffer, data is tran- 


ALTERNATE 
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INTERNAL DATA BUS 
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I/O PORTS (Continued) 


ferred from the ST9 internal data bus at the begin- 
ning of the machine cycle, and, if enabled as out- 
put, is passed to the output latch at the end of the 
cycle. This synchronization allows for the Bidirec- 
tional use of the pin without potential conflicts. 


Configuration Registers. 


Three registers are used to allow the setting of each 
pin, generically PxC2R, PxC1R, PxCOR, where x 
relates to the 8 bit I/O port in which the bitis present. 
The setting of the corresponding bitin each register 


dj 


Table 9. Port Configuration Status Bits 


Pxn Configuration 
Pxn Output 
Pxn Input 


n = Bit 

BID = Bidirectional 
OUT = Output 

IN =Input 


Figure 34. I/O Port Input Configuration 
1/0 PIN 
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to achieve the desired functionality of the I/O pin is 
shown in Table 9. 


The effect of the configuration settings of Table 9 on 
the I/O ports structure is shown in Figures 34 to 37. 


I/O Register Map 


The Data Registers which correspond to the pin 
status (after configuration) of I/O port 0 to 5, are 
found in Group E of the Register File, for immediate 
access at all times, while the configuration registers 
and the Data Registers for Additional Ports are 
found within I/O pages (Group F) 2, 3 and 43 (2Bh). 


AF =<Alternate Function 
WP. = Weak Pull-up 

OD =Open Drain 

PP = Push Pull 

HI = High Impedance 


Figure 35. I/O Port Output Configuration 
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1/0 PORTS (Continued) 
Figure 36. I/O Port Bidirectional Configuration Figure 37. I/O Port Alternate Function Config. 
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Figure 38. 1/O Register Maps 
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1/0 PORTS (Continued) 


Handshake and DMA 


/O Ports 4 and 5 of the ST90R50 are able to 
support a parallel interface with handshake capa- 
bility. This allows one, two or four wire interconnect- 
ing handshake signals and facilitates very fast 
parallel transfer of data for input and output, or for 
the interconnection of peripheral devices requiring 
strobe signals for synchronization. Table 10 shows 
the available options for input and output status and 
strobe signals available as Alternate Functions of 
I/O port bits (see Pin Configuration). The Hand- 
shake configuration is set within the Handshake 
Control Register (HDCnR) for the relevant I/O port 
n. 


Data transfer through a parallel I/O port with hand- 
shake can also be triggered through a DMA chan- 
nel. Timing is generated by the ST90R50 TIMER 
ON-CHIP EVENT strobe signal (see the TIMER 
section for information on generating these sig- 
nals), which causes the programmed transfer of 
data to or from the memory source which can be 
Register File, Program space memory or Data 
space memory. An example of application of this 


technique is shown in figure 39, a complex stepper 
motor timing sequence automatically being trans- 
ferred from a table in the Register File (or memory 
spaces) to the stepper motor drivers. After initializ- 
ation, this operation is transparent until the task 
(complex microstepping) is completed. 


Table 10. Handshake Control Signal Options 
Handshake 
Lines 


Figure 39. Handshake + DMA Used for Stepper Motor Driving 
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TIMER/WATCHDOG 


A 16 bit down-counter, complete with 8 bit pres- 
caler, is integrated into the ST90R50 core. This is 
able to operate both as a general purpose timer 
with associated input and output pins for timing 
functions, and also as a Watchdog Timer offering 
a security against possible processor malfunctions 
due to external events. 


Timer Modes 


When operating as a Timer, with a timing resolution 
from 333ns to 5.59s (INTCLK = 12MHz), an input 
pin (WDIN) and output pin (WDOUT) may be se- 
lected as the Alternate Functions of two I/O pins. 
When WDIN is enabled by the User by setting INEN 
high (WDTCR.3) and the Alternate Function is set, 
4 operating modes are available: The WDIN input 
may be programmed to act as an event counter 
input, with high to low transitions causing the 
counter to decrement (the time duration between 
the falling edges of the input clock must be at least 
333ns, allowing a maximum input frequency of 
3MHz). It may also be used for pulse width meas- 
urement by being selected as a counter clock gate 
signal (prescaler to the counter being driven by 
INTCLK/4), counting being enabled when WDIN is 
at a high level. Trigger and Re-trigger modes cause 
a reload of the timer User preset values (providing 
STSP, WDTCR.7 is active) for a high to low transi- 


Figure 40. Timer/Watchdog Block Diagram 
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tion on WDIN at any time (Re-trigger mode) or 
when the counter is at the end of count (Trigger 
mode). The counter decrements at a rate driven by 
INTCLK/4. 


The WDOUT pin, when set as the Alternate Func- 
tion, is enabled by OUTEN high (WDTCR.0), and 
may either toggle the state of the I/O bit (frequency 
generation, OUTMD = "0", WDTCR.2) or pass the 
state of the WROUT bit to the output allowing PWM 
generation (OUTMD = "1") at the end of count 
(timer value = 0) condition. 


Watchdog Mode 


The timer functions may be disabled, and the Timer 
configured for a Watchdog operation by re-setting 
WDEN (WCR.6) to zero. Once the Watchdog has 
been selected it CANNOT be set back into the 
standard timer mode until the next Hardware Reset 
cycle. The User should set the watchdog timer 
prescaler and timer reload value before enabling 
the Watchdog mode. The Watchdog Timer must 
then be retriggered, causing the reloading of the 
timer value, by the operation of writing of the byte 
sequence OAAh, 055h to the WDTLR register. If 
this is not done before the Watchdog counts to 
zero, the Watchdog Timeout condition occurs. This 
causes a Hardware Reset of the ST9O0R50. The 
Watchdog reset signal is not output on the external 
Reset pin. 
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TIMER/WATCHDOG (Continued) 


Timer/Watchdog Interrupts 


The Timer/Watchdog may provide several levels of 
interrupts selectable by the User. The Timer mode 
offers two interrupt sources, triggered on the timer 
value reaching 0, either a prioritized level (by taking 
the Interrupt priority channel from the External 
Interrupt INTAO) or by a top level, non-maskable 


interrupt (taking the external NMI input channel). - 


The interrupt channels are multiplexed from the 
alternative source according to the status of the 
IAOS (EIVR.1) and TLIS (EIVR.2) bits as shown in 
figure 42. Please refer to the ST9 Technical Ma- 
nual for further details on changing the interrupt 
sources of the Timer/Watchdog. When the Watch- 
dog mode is set (WDEN = "0"), the timer value 
equal to 0 event generates a Hardware reset of the 
ST90R50. The Timer/Watchdog control registers 
are located within Page 0 of the Paged I/O register 


group. 


Figure 41. Timer/Watchdog in Watchdog Mode 
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Figure 42. Timer/Watchdog Interrupt Sources 
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MULTIFUNCTION TIMER 


The ST90R50 includes three identical 16 bit Multi- 
function Timers (MFT) in addition to the 
TIMER/WATCHDOG. The following description ap- 
plies to Timer 0, Timer 1 and Timer 3. 


Each timer is a 16 bit Up/Down counter, driven by 
the output of an 8 bit prescaler which may be driven 
by INTCLK/3 (giving a minimum timing resolution 
of 250ns at INTCLK = 12 MHz) or by an external 
source. This timer is supported by two 16 bit Com- 
parison Registers for generating timed functions 
and two 16 bit Capture/Load Registers for timing 
and variable timebase functions. These features 
coupled with 2 input pins (TXINA and TxINB) and 2 
output pins (TXOUTA and TxOUTB, where x = 0 or 
1), available as Alternate Functions, giving the 
timer 13 operating modes for virtually all required 
timing functions. 


MFT Operating Modes 


The operating modes are selected by the pro- 
gramming of the Timer Control Register (TCR 
_ Timer x) and the Timer Mode Register (TMR) as 
follows: 


One-Shot Mode. The counter stops at the End Of 
Count Condition (up or down count). 


Continuous Mode. At End Of Count the timer is 
reloaded from a Load Register. 


Figure 43. Multifunction Timer Block Diagram 
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Trigger Mode. A Trigger causes reload from a load 
register only if the Timer is at End of Count. 


RETrigger Mode. A Trigger causes reload from a 
load register at any time. 


Gate Mode. Counting is performed only when the 
external gate input (TxINA or TxINB) is active (logi- 
Cal 0). 


Capture Mode. A Trigger causes the timer value 
to be latched into the selected Capture register. 


Up/Down Mode. A Trigger causes a count up or 
down, or a change in counting direction. 


Free-Running Mode. Up or Down counting is per- 
formed to the full range with no action at End of 
Count. This is used in Bicapture and Capture 
Modes. 


Monitor Mode. One Capture register follows the 
contents of the timer. 


Autoclear Mode. The timer is reset to 0000h or 
FFFFh (up or down count respectively) on a trigger. 
This gives delta time measurement or free running 
with a modulo of less than 2!°. 


Biload Mode. The counter is reloaded on an End 
Of Count condition alternately from the two Load 
Registers. (PWM output). 


BiCapture Mode. A Trigger causes the current 
timer value to be transferred alternately to the two 
Capture registers. (Pulse width measurement). 
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MULTIFUNCTION TIMER (Continued) 


Parallel Mode. The prescaler output of Timer 0 is 
internally connected to the input of the prescaler of 
Timer 1, if this is then set to 00h (= divide by 1), 
then the two timers may be run in parallel. 


The trigger events may be either caused by soft- 
ware, or an action on the two input pins which may 
be programmed to respond to rising, falling or both 
edges of the input. The input modes are selected 
in the Input Control Register (ICR) as shown in 
Table 11. This includes the Autodiscriminator 
mode, which causes the timer to count up or down 
depending on the phase between the two input 
edges, such as the signals generated by optical 
encoders. 


The two output pins (available as Alternate Func- 
tions) may be programmed through the Output 
Control Registers OACR and OBCR to be modified 
(Set, Reset, Toggle or No Operation) on each of 
Overflow/Underflow (OVF/UNF), Compare on 
CMPO valid (CMO), or Compare on CMP1 
(COMP1) valid events. This allows repetitive sig- 
nals such as PWM drive to be output with minimum 
CPU overhead. Fig 44 shows some typical wave- 
forms available from these signals. 


Figure 44. Example Output Waveforms 
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Table 11. Input Pin Function Settings 


Input Control 
Reais | “rune 
IN3-INO bits 


/O /O 

/O Trigger 
Gate /O 
Gate Trigger 

1/0 Ext.clock 


TXINB Input 
Function 


Trigger /O 
Gate Ext.clock 


Trigger 
Clock Up 
Up/Down 

Trigger Up Trigger Down 
Up/Down 1) 
Autodiscr. 
Ext.clock 
Trigger 
Trigger Gate 


Trigger 
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Autodiscr. 
Trigger 
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MULTIFUNCTION TIMER (Continued) 


The Overflow/Underflow event and the Compare 0 
event may also be programmed to give On-chip 
Event timing signals to trigger other peripheral 
operations on the ST9OR50. These are as shown 
in Table 12. 


Table 12. ST90R50 On-Chip Event Settings 


MFTO Handshake Trigger Port 4 


MFT 1 Handshake Trigger Port 5 
MFT3 A/D Conversion Trigger 


The TxOUTA and TxINA lines for each timer may 
be connected internally, by setting of the SCx bits 
of the I/O Connection Register (IOCR). 


The Multifunction Timers are enabled for counting 
by the Counter Enable bit (CEN, TCR.7) of the 
respective timer unit. When CEN is low, both pres- 
caler and timer are halted. CEN is logically ANDed 
with the Global Counter Enable bit (GCEN, 
CICR.7), so that all timers may be started in syn- 
chronism, i.e. when the timers are set into Parallel 
mode, this allows initialization of the Timers before 
triggering at the same instant. 


MFT Interrupts 


Each Multifunction Timer can generate interrupt 
requests from 5 different interrupt sources which 
are grouped into 3 independent groups. The Inter- 
rupt Vector has the source of the interrupt group 
encoded by hardware into the least significant 3 


bits of the vector. This allows the programming of - 


the base address to an 8 byte block within the 
interrupt vector area of the Program Space. The 
groups and respective addresses are shown in 
Table 13. 


Table 13. MFT Interrupt Vectors 


Interrupt Source Vector Address 


XXXX X110 


XXXx x100 


CAPTO 
CAPT 1 


Overflow/Underflow 


Xxxx Xx000 


Each source may be independently masked, in 
addition all Timer interrupts may be disabled by the 
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Global Timer Interrupt enable (GTIEN, IDMR.7) 
control bit. If a Timer interrupt on Compare 0 or 
Capture 0 does not have its corresponding pending 
bit reset before the next interrupt, then an overrun 
condition occurs. This condition is flagged in two 
dedicated overrun bits in the Timer FLAGS register. 


MFT DMA Channels 


Two independent DMA channels are present within 
each MFT, associated to the Compare 0 and Cap- 
ture 0 sources. This allows 16 bit DMAtransactions 
from Register File/Memory to COMPO registers, 
and from CAPT0 registers to Register File/Memory. 
The DMA channels allow the capture of external 
event timings in memory allowing off-line analysis, 
and creating of variable pulse width signal trains, 
as required by the drive of Triacs in certain modes. 


The two interrupt mask sources are independently 
masked by two DMA mask bits, mapped in the 
IDMR register. The End of Block (EOB) procedures 
are as described in the INTERRUPT/DMA section. 


The DMA counter and address pointer registers 
share the most significant User-programmable 6 
bits for both DMAchannels (COMP 0 and CAPT 0), 
thus the mapping of the counter and address reg- 
isters use automatic offsets from the base address. 
The actual mapping changes dependent on 
whether the Register File or Memory is addressed 
for the transfer. The offsets are shown in Table 14. 


Table 14-1. MFT DMA Address and Counter 
Registers for Memory DMA Transfers 


POINTERS MAP INTO MEMORY 


Register File 


COMP 0 16 bit] yyyyyy 
ADDRESS 
POINTER 


I) | INCREA- 


Address SING 
h) | PRIORITY 


Pointers 


11 ( 
10 ( 
CAPT 0 16 bit| yyyyyy 01 (I) 
ADDRESS 
POINTER 00 (h) 


DMA COMP 0 DMA] xxxxxx 
COUNTERS 16 bit 
COUNTER _ | XXXXXx 
CAPT 0 DMA | xxxxxx 
16 bit 
COUNTER § | XXXXXX 
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MULTIFUNCTION TIMER (Continued) ous high speed data flow, because of the time 
consumed by the restore routine. An additional 
DMA function, the SWAP mode, overcomes this 
limitation. This is enabled by the setting of the 
SWEN (IDCR.3) bit. This causes hardware gener- 
ated signals to replace the User address bit 2 of 
both the address and counter pointers. The ad- 
dress and counter registers are thus duplicated at 
an offset of 4 registers. At the End Of Block condi- 
tion, the EOB interrupt is generated to signal the 

COMPARE 0 end of DMA, and the state of pointer address bit 2 
XXXXXX toggles state automatically and the new address 
and count values are used. Thus the ST9 can safely 
process the previous block of data while the new 
block is being transferred. This will continue until 
the SWAP mode is disabled. 


A software protection scheme is implemented to 
prevent non-updated pointer registers from being 
used if a second EOB interrupt arrives during the 
servicing of the first. This mechanism locks the 
state of the DMA mask bit to prevent further trans- 
fers from taking place. The User should check for 
this condition in the EOB routine to ensure that all 
the DMA transfers are properly serviced. 


The control Registers of each MFT occupy 20 


Table 14-2. MFT DMA Address and Counter 
Registers for Register File DMA Transfers 


POINTERS FOR REGISTER FILE DMA 


8 Bit COUNTER | xxxxxx 


8 bit ADDR. 
POINTER 


8 bit COUNTER | xxxxxx 
CAPTURE 0 


8 bit ADDR. 
POINTER TRAN 


XXXXXX USER PROGRAMMABLE 


After the transfer of the complete block of data 
to/from the MFT, the count registers reach the zero 


value and an end of block interrupt occurs so that 
the ST9 may process the new data. In many cases, 
the time taken to reload the data tables and to 
re-trigger the DMA action causes speed limitations, 
especially in those applications requiring a continu- 


registers within the I/O paged area. These are 
mapped as shown in Figure 45. 


In addition the MFT is able to trigger byte DMA 
transfers in both directions through an I/O port with 


Handshake (see I/O Handshake and DMA). 
Figure 45. Multifunction Timer Page Maps 
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SERIAL PERIPHERAL INTERFACE (SPI) 


The Serial Peripheral Interface (SPI) is integrated 
into the Core module of the ST9 and provides a 
general purpose shift register based peripheral 
allowing synchronous serial I/O, with special 
modes allowing compatibility with I°C-bus and IM- 
bus Communication standards in addition to the 
standard serial bus protocol. The SPI uses 3 lines 
comprising Serial Data Out (SDO), Serial Data In 


Figure 46. SPI Functional Diagram 
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(SDI) and the Synchronous Serial Clock (SCK) 
which are available as Alternate Functions of 1/O 
pins. Additional I/O pins may act as device selects 
or IM-bus address ident signals. The functional 
diagram of the SPI is shown in figure 46. 


The SPI, when enabled (SPEN, SPICR.7, high), 
receives input data from the ST9 internal data bus 
into the SPIDR, and originates the SCK to shift the 
data serially through SDO (Most Significant bit first) , 
to the slave device which responds by sending data 
to the master device via the SDI pin. This implies 
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full duplex transmission with both data-out and 
data-in synchronized with the same clock signal. 
Thus the byte transmitted is replaced by the byte 
received, eliminating the need to separate "Tx 
Empty” and "Rx full" status bits. After the 8 clock 
cycles have been concluded, the received data in 
SPIDR is parallel transferred to the read buffer and 
data becomes available for the ST9O0R50 during 
the next read cycle of SPIDR. The BUSY bit 
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SP! DATA REGISTER 
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DATA _ BUS 
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(SPICR.4) is set when transmission is in progress, 
this allows the User to monitor the status of the SPI 
by polling of this bit. 


The SPI can operate only in master mode, i.e. the 
clock is always generated by the ST90R50, how- 
ever the SCK polarity and phase can be pro- 
grammed to suit all peripheral requirements (figure 


' 47). This, together with the 4 programmable bit 


rates (divided from the INTCLK, Table 15), provide 
the large flexibility in handling different protocols. 
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SERIAL PERIPHERAL INTERFACE (Continued) 
Figure 47. SPI Data and Clock Timing 


INTERNAL 


READ STROBE 


SDI/SDO 


Table 15. SPI Rate Selection 
Clock SCK Frequency 
SPR1 SPRO (INTCLK = 12MHz) 
0 0 8 1500KHz (T = 0.67ps) 


750KHz (T = 1.338) 
93.50KHz (T = 10.66ps) 


46.87KHz (T = 21.33ys) 


I?C-bus COMPATIBILITY ° 


' The SPI includes additional circuitry to enable the 
use of external I?C-bus peripherals. The I@C-bus 
mode is a 2 wire bus while the SPI operates with 3 
wires, however wire-ANDing SDO and SDI gives 
the required signalling, while setting the BMS bit 
causes the enabling of the special I@C-bus fea- 
tures: Clock Slowdown by external devices and 
Arbitration Lost detection. This mode also affects 
the Interrupt sources as shown in the next section. 
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SPI Interrupts 


The SPI, when enabled, uses the INT2 external 
interrupt channel source, using the priority selected 
for INT2 within the External Interrupt Priority regis- 
ters. The INT2 mask bit should be set and INT2 
pending bit reset before enabling the SPI through 
SPEN. The BMS (SPICR.6) and SPEN bits select 
the SPI internal interrupt source as shown in Table 
6. 


Table 16. SPI Interrupt Sources 


| SPEN | BMS | Interrupt Source 


External channel INT2 


S-BUS/I7C start or stop condition 


End of one byte transmission 


SPI Registers 


The two registers controlling the SPI are located in 
I/O page 0, the Data Register, SPIDR, at R253 and 
the control register, SPICR, at R254. 
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SERIAL COMMUNICATIONS INTERFACE 


Function 


The two Serial Communications Interfaces (SCls) 
of the ST90R50 offers a means of full-duplex serial 
data transfer to a wide range of external equipment. 
Each has a fully programmable character format 
control for asynchronous and byte synchronous 
serial I/O, an integral Baud Rate Generator, giving 
a maximum baud rate of 375K Baud in Asyn- 
chronous mode (Internal Clock), and two DMA 
channels for transparent transmission and recep- 
tion of characters. Support is also present in hard- 
ware for Line Break Detection and generation, 
character search, network interfacing with 9th bit 
Address logic, and Local Loop Back and Auto echo 
modes for Self- Test. The control registers for an 


Figure 48. SCI Functional Block Diagram 


ST90R50 


SClexistwithin one I/O page within the I/O page 
group. 


Character Formats 


When used for asynchronous character trans- 
mission and reception, the character format may 
be changed (through the Character Control Regis- 
ter CHCR) to suit external equipment require- 
ments. This is summarized in figure 49. 


The baud rate clock for asynchronous mode should 
be set to the +16 Mode and the frequency of the 
clock input (from an external source or the internal 
baud-rate generator output) set to suit this. 


This format control is also available for the byte 
synchronous mode (Clock divider set to +1), when 
the data and clock are output in synchronism, the 
data being sampled once per clock period (figure 
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REGISTER 
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REGISTER 
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REGISTER STATUS 


FRAME CONTROL 


DMA 
CONTROLLER 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


50). For a second synchronous mode, CLKOUT is 
activated only for the data section of the word 
(figure 51) on serial data output, and input data is 
latched on the rising edge of the external syn- 
chronised clock input on the RXCLK pin. This mode 
may be used to access external synchronous pe- 
ripherals. 


The Address bit/D9 is optional and may be added 
to any word format, it is commonly used in network 
or machine control applications. When enabled 
(AB, CHCR.4 = "1"), an address or ninth data bit 
can be added to a transmitted word by setting the 
Set Address bit (SA, IDPR.5). This is then ap- 
pended to the next word entered into the (empty) 


Figure 49. SCI Character Format 


Transmitter Buffer Register and then cleared by 
hardware. On character input an Address Bit set 
can indicate that the data preceding the bit is an 
address which may be compared in hardware with 
the value in the Address Compare Register (ACR) 
to acne an Address Match interrupt when 
equal. 


The Address bit and Address Comparison Register 
can also be combined to generate an Address 
Interrupt in 4 modes to suit different protocols, 
based upon the status of the Address Mode Enable 
bit (AMEN, IDPR.7) and the Address Mode bit (AM, 
CHCR.7) as shown in Table 17. 


The character match Address Interrupt mode may 
be used as a powerful character search mode, 
giving an interrupt on reception of a predetermined 


Figure 50. Byte Synchronous Output 


ee 
STOP BIT 
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Figure 51. Serial Expansion Mode 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


Table 17. Address Interrupt Modes 


If 9th Data Bit = 1 


lf Character Match 
lf Character Match and 9th Data Bit = 1 


If Character Match on Word Immediately Following 
Break \ 


character e.g. Carriage Return or End of Block 
codes. 


The Line Break condition is fully supported for both 
transmission and detection. Line Break is sent by 
setting the SET_BREAK bit (SB, IDPR.6). This 
causes the transmitter output to be held low (after 
all buffered data has been transmitted) for a mini- 
mum of one complete word length and until the SB 
bit is Reset. 


SCI Interrupts 


Figure 52. SCI Interrupt Typical Usage 


ADDRESS AFTER BREAK CONDITION 


BREAK 


MATCH 


BREAK ADDRESS DATA 
INTERRUPT INTERRUPT 
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ADDRESS BREAK 


INTERRUPT INTERRUPT 
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Each SCI is able to generate interrupts from 
multiple sources. Receive interrupts include data 
pending, receive errors (overrun, framing and 
parity), address or break pending and transmit 
interrupts are software selectable for either the 
Transmit Holding Register Empty (HSN, IMR.7 = 
"{") or for the Transmit Shift Register Empty (HSN 
= "0"). Interrupt sources are indicated by the Inter- 
rupt pending bits, shown in Table 18. These bits 


Table 18. SCI Interrupt Vector 


Vector 
Interrupt Source 


Transmitter Buffer or Shift 
Register Empty/Transmit DMA 
end of Block 


Received Read/ Receive DMA 
ae Detector Address Word 


xxx x110 


ADDRESS 


NO MATCH 


DATA DATA BREAK 
INTERRUPT INTERRUPT 


ADDRESS ADDRESS DATA 


MATCH 


ADDRESS DATA DATA 
INTERRUPT INTERRUPT 


CHARACTER SEARCH MODE 


INTERRUPT 


NO MATCH 


DATA 


INTERRUPT 


DATA DATA MATCH DATA 


DATA DATA CHAR DATA 
INTERRUPT INTERRUPT MATCH 
INTERRUPT 


D9 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT 


INTERRUPT INTERRUPT 


DATA DATA 
INTERRUPT 


CbATA ATA OY Oo=1 DATA DATA DATA_) 


DATA DATA D9=1 DATA 


INTERRUPT INTERRUPT INTERRUPT 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


should be reset by the User during the Interrupt 
Service routine. 


When DMA is active the Receive Data Pending bit 
(RXDP, ISR.2), and the Transmit status bit interrupt 
sources are replaced by the DMA End Of Block 
Interrupt sources for transmit and receive, respec- 
tively. 


Typical Usage of the Interrupts provided by the SCI 
are show in figure 52. 


Table 19. SCI Interrupt Internal Priority 
Receive DMA Request Highest Priority 

Transmit DMA Request 

Receive Interrupt 


Lowest Priority 


Transmit Interrupt 


The SCI interrupts have an internal priority struc- 
ture (Table 19) in order to resolve simultaneous 
events. 


The four major levels of interrupt are encoded in 
hardware to provide two bits of the interrupt vector 
register, allowing the position of the block of pointer 
vectors to be resolved to a block size of 8 bytes. 


SCI DMA 


Two DMA channels are associated with each SCI, 
for transmit and for receive. These follow the reg- 
ister scheme as described in the DMA Section. It 
should be noted that, after initializing the DMA 
counter and pointer registers and enabling DMA, 
data transmission is triggered by a character writ- 
ten into the Transmit Holding register. The DMA 
End Of Block Interrupts generated on completion 
of the DMA transfer take the place of the normal 
transmit and receive character interrupt vectors. 
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SCI Clock Generation 


The communication bit frequency of the SCI trans- 
mitter and receiver sections can be provided from 
the integral Baud Rate Generator (allowing a maxi- 
mum asynchronous bit rate of 350k Baud) or from 
external sources (maximum bit rate 175k Baud). 
This clock is divided by 16 for asynchronous mode 
(CD, CCR.3, ="0"), or divided by 1 for synchronous 
modes (CD = "1"). 


External Clock Sources. 


The External Clock input pin TXCLK may be pro- 
grammed in Alternate function by bits TXCLK 
(CCR.7) and OCLK (CCR.6) to be: the transmit 
clock input (respecting the +16 and +1 timing re- 
quirements), to act as the output of the Baud Rate 
Generator (allowing an external divider circuit to 
provide the receive clock for split rate transmit and 
receive e.g. 1200/75 baud), or to be CLKOUT, the 
clock output for the synchronous mode. Receive 
Clock input via RXCLK Alternate function is enabled 
by the XRX bit CCR.5, this input should be set 
according to the setting of the CD bit. 


Baud Rate Generator. 


The integral Baud Rate Generator is a 16 bit divide 
by n circuit of the Internal Clock INTCLK. Thus 
INTCLK should be chosen to provide a suitable 
frequency for division by the Baud Rate Generator 
to give the required transmit and receive bit rates. 
Suitable INTCLK frequencies and the divider 
values for standard Baud rates are shown in Table 
20. 


The act of writing to either of the two registers 
comprising the 16 bit divider causes a reset of the 
SCI, allowing initialization of the SCI settings before 
the writing of the other Baud Rate Generator reg- 
ister. 


Self Test 


Testing of the communications channel may be 
performed using the facilities of the SCI. Auto Echo 
mode (SCI SOUT disconnected, SIN pin internally 
connected to SOUT pin) and Loopback mode (SCI 
transmitter and receiver sections disconnected 
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Table 20. SCI Baud Rate Generator Divider Values 


Baud Rate | Clock Factor 


Desired Freq 


(kHz) 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 


1228.80000 


INTCLK: 7680.000 KHz 


Actual Baud | Actual Freq 


0.80000 
1.20000 
1.75985 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
590.76923 


1280.00000 


ST90R50 


Deviation 


0.0000% 
0.0000% 
0.0083% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.8462% 
4.1667% 


INTCLK: 11059.20 KHz 


Baud Rate | Clock Factor 


Desired Freq 


153.60000 
307.20000 
614.40000 


0.80000 
1.20000 
1.75990 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 


Deviation 


0.0000% 
0.0000% 
0.0058% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 


1228.80000 1228.80000] 0.0000% 
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from SOUT and SIN pins and directly connected 
internally) may be used individually or together. 


ANALOG TO DIGITAL CONVERTER 


The ST90R50 Analog to Digital Converter (A/D) is 
comprised of an 8 channel multiplexed input selec- 
tor and a Successive Approximation converter. The 
conversion time is a function of the INTCLK fre- 
quency; for the maximum 12MHz clock rate, con- 
version of the selected channel requires 11s. This 
time also includes the 3us of the integral Sample 
and Hold circuitry, which minimizes need for exter- 
nal components. The resolution of the converted 
channel is 8 bits +1/2 LSB between the Analog Vss 
and Vpp references which occupy two pins of the 


Figure 53. A/D Block Diagram 
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\ 
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ST90R50 (AVss and AVpp respectively). This 
allows the full 256 bit resolution to apply over a 
reduced input range such as provided by various 
sensors and allows the best supply noise rejection. 
The input Analog channel is selected by using the 
Alternate Function setting as shown in the I/O ports 
section. The I/O bit structure of the port connected 
to the A/D converter (Port 4) is modified as shown 
in figure 55 to prevent the Analog voltage present 
at the I/O pin from causing high power dissipation 
across the input buffer. Un-selected analog chan- 
nels should also be maintained in the Alternate 
function mode for this reason. APower Down mode 
is available for applications which require low 
power dissipation, this is selected by setting to zero 


INT. VECTOR POINTER 

INTERRUPT UNIT INT. CONTROL REGISTER 
COMPARE RESULT REGISTER 
THRESHOLD REGISTER 7U 
COMPARE LOGIC THRESHOLD REGISTER 7L 


THRESHOLD REGISTER 6U 
THRESHOLD REGISTER  6L 


CONVERSION 
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SUCCESSIVE APPROXIMATION 
A/D CONVERTER 
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ANALOG TO DIGITAL CONVERTER (Continued) 
Figure 54. A/D Input Configuration Status 
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Figure 55. A/D Trigger Sources 
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the POW bit (CLR.2) which turns off all Analog 
functions within the A/D converter. 


Conversion 


Each of the input Analog channels (AINO-7) can be 
converted singly or continuously. In single mode 
(CONT, CLR.1, ="0") conversions are triggered by 
setting the Start/Stop bit ST (CLR.0), this is reset 
by hardware at the end of a group of conversions 
and conversion stops. The Autoscan mode (CONT 
= "{") converts each input channel in sequence, 
starting from the channel number selected in the 
Start Conversion Address (SC 1-3) bits and increas- 
ing to channel 7 (AIN7), repeating so that the data 
registers will be maintained with the latest con- 
verted result. Conversion start is triggered by inter- 
nal or external events. An external trigger (enabled 
by EXTG, CLR.4, = "1") is caused by a pulse on the 
ADTRG pin available as an Input Alternate Func- 
tion. This should have a minimum length of 80 nS 
and of a period greater than the conversion time. 
The Internal trigger is enabled by setting INTG, 
CLR.3, to "1" (this is ORed with EXTG to prevent 
hardware conflicts, but the correct procedure is to 
enable only one source at a time), in this case 


START GROUP 
OF CONVERSIONS 
CONTINUOUS OR 
SINGLE MODE 
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ANALOG DIGITAL CONVERTER (Continued) 


triggering is either by setting the ST bit by software 
or by enabling the ON-CHIP EVENT signal from the 
TIMER module. 


The resulting data from the converted Analog chan- 
nel AINx is stored in the appropriate Data Register 
DxR. Two channels AIN6 and AIN7 have a special 
feature known as the Analog Watchdog, by the use 
of two Threshold Registers for each channel. The 
Upper, (UT6R, UT7R), and lower, (LT6R, LT7R), 
registers contain User preset values. These values 
are automatically compared to the value in the Data 
Registers D6R and D7R following each new con- 
version. If the resulting data is less than the corre- 
sponding Lower Threshold Register, or higher than 
the contents of the corresponding Upper Threshold 


Register, then an interrupt may be generated. This 
hardware feature minimizes analog monitoring 
overhead and is particularly useful in motor control 
applications as shown in figure 56. 


A/D Interrupts 


The ST90R50 A/D converter provides two interrupt 
sources, End of Conversion and an Analog Watch- 
dog Request. The interrupt vector register (IVR) 
provides 1 bit automatically generated in hardware 
to follow the interrupt source, allowing the User to 
select the base address of a four byte area of the 
interrupt vector table in which to store the A/D 
Interrupt Service Routines. The Analog Watchdog 
Request requires the User to poll within the Com- 
pare Result Register (CRR) to determine which of 
the four thresholds has been exceeded, the thre- 
shold status bits should be reset by software in the 
service routine. The interrupt pending flags, ECV 
(End of Conversion, ICR.7) and AWD (Analog 


Figure 56. Analog Watchdog Used in Motor Speed Control 
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Watchdog, ICR.6) should also be reset by the User 
in the Interrupt service routine before the return. 


The ST90R50 Analeg to Digital converter occupies 
I/O page 63 (Group F). 


SOFTWARE DESCRIPTION 


Addressing Modes 


The ST90R50 offers a wide variety of addressing 
modes and combinations to facilitate full and rapid 
access to the address spaces while reducing pro- 
gram length. Register addressing (using the work- 
ing register group mechanism or directly 


addressed) can be used as 8 or 16 bit values for . 


data or indirect addressing into the memory spaces 


Table 21. Addressing Mode 


Register Direct 

Register Indirect 

Register Indexed 

Memory Direct 

Memory Indirect 

Memory Indirect with Post-Increment 
Memory Indirect with Pre-Decrement 


Memory Indexed with Immediate Short 
Offset 


Memory Indexed with Immediate Long 
Offset 


Memory Indexed with Register Offset 


Memory Indirect Post-Increment to 
Indirect Register Post-Increment 


Memory Map to Memory Map both with 
Post-Increment 


Bit Address 


Legend: 

N  =8 bit Value 

NN = 16 bit Value or Address 

r = Working Register 

R = Directly Addressed Register 
( ) =Indirect Addressing 

( )+ = Indirect with Post-Increment 
-( ) =Indirect with Pre-Decrement 
.b = Bit Number (0 to 7) 


kyy SeSobnoreones 


ST90R50 


or the Register File. The selection between Pro- 
gram Memory and Data Memory is performed 
through the DP bit in the FLAG Register, all sub- 
sequent actions on the memory space will affect 
the selected map only, apart from the memory map 
to memory map post-increment addressing mode 
which allows the map to be specified as part of the 
instruction for both destination and source oper- 
ands. Apart from the immediate data and condition 
codes all operands are expressed as register file 
or memory addresses. 


The available addressing modes, with the ST9 
macro-assembler notation, are in Table 21. 


Combinations of Available Addressing Modes 


Table 22. Addressing Mode Permutation for 
Instructions 


Two Operand Arithmetic and Logic Instructions 


Register Direct Register Direct 


Register Direct Register Indirect 


Register Direct Memory Indirect 


Register Direct Memory Indexed 


Register Direct Memory Indirect with 


Post- Increment 


Register Direct Memory Indirect with 


Pre- Decrement 


Register Direct Memory Direct 


Register Indirect Register Direct 


Memory !ndirect Register Direct 


Memory Indexed Register Direct 


Memory Indirect with 
Post- Increment 


Register Direct 


Memory Indirect with 
Pre- Decrement 


Register Direct 


Register Direct 


Memory Direct 
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SOFTWARE DESCRIPTION (Continued) 
Table 22. Addressing Mode Permutation for 


Instructions (Continued) 


Two Operand Load Instructions 


[—testnaton [Sean 


Register Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 
Register Direct 


Register Direct 

Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 

Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 


Two Operand Arithmetic and Logic Instructions 
[Besta [Sours 


Register Direct 
Memory Direct 


Memory Indirect 


Immediate 
Immediate 


Immediate 


Two Operand Load Instructions 
[estnaion [Source 


Register Direct 
Memory Direct 


Memory Indirect 


Long Indexed Memory ) 
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Immediate 
Immediate 
Immediate 


Immediate 


Table 22. Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Arithmetic, Logic & Load Instructions 


Memory Indirect 


Destination 


Memory Indirect 


Two Operand Load Instructions @ 
eaten [ew 


Memory Indirect with 
Post- Increment 


Register Indirect with 
Post- Increment 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Notes: 
1. Load Word only 
2. Load Byte only 


Table 22 describes the addressing modes available 
for the register file and the memory (both as a 
destination and as a source) for the two operand 
arithmetic, logic or load instructions. 


Instruction Set 


The ST90R850 instruction set consists of 87 instruc- 
tion types functionally divided into eight groups as 
in Table 23, they are: 


— Load (two operands) 

— Arithmetic & Logic (two operands) 

— Arithmetic Logic and Shift (one operand) 
— Stack (one operand) 

— Multiply & Divide (two operands) 

— Boolean (one or two operands) 

— Program Control (zero to three operands) 
— Miscellaneous (zero to two operands) 


The wide range of instructions facilitates the full use 
of the register file and address spaces, reducing 
execution times, while the register pointers mech- 
anism allows an unmatched code efficiency and 
ultrafast context switching. A particularly notable 
feature is the comprehensive "Any Bit, Any Regis- 
ter" (ABAR) addressing capability of the Boolean 
instructions. 


The ST90R50 can operate with a wide range of 
data lengths from single bit, 4-bit nibbles which can 
be in the form of Binary Coded Decimal (BCD) 
digits, 8-bit bytes and 16-bit words. The summary 
on Table 22 shows the instructions belonging to 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary 


Load Instructions (Two Operands) | 


Operand 

an! hol AA OnGanc 
LD dst, src Load 
LDW dst, src Load Word 


Arithmetic and Logic (Two Operands) 
[enone [open a 
eee Pe a 


ADD dst, src Add O;1A 
ADDW dst, src Add Word ? ? 
ADC dst, src Add with Carry O| A 
ADCW dst, src Add Word with Carry ? | ? 


SUB dst, src Subtract 
SUBW dst, src Subtract Word 


SBC dst, src Subtract with Carry 

SBCW dst, src Subtract Word with Carry 

AND dst, src Logical AND 

ANDW dst, src Logical Word AND 

OR dst, src Logical OR 

ORW dst, src Logical Word OR 
P 


? 


RIGO eS 
Bra ERs Ee cea ESS 


? 
XOR dst, src Logical Exclusive OR 
XORW dst, src Logical Word Exclusive OR 
C dst, src Compare 
CPW dst, src Compare Word 
™ dst, src Test Under Mask 
TMW dst, src Test Word Under Mask 
TCM dst, src Test Complement Under Mask 
TCMW dst, src Test Word Complement Under Mask 


Legend : 


e 


0 = Bit set to zero 

1 = Bit set to one 

A =Bit affected 

? = Bit status undefined 
— = Bit not affected 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Arithmetic Logic and Shift (One Operand) 


a — 
INC dst Increment 

INCW dst Increment Word 

DEC dst Decrement 

DECW dst Decrement Word 

SLA Shift Left Arithmetic 0; A 
SLAW Shift Word Left Arithmetic ? ? 
SRA dst Shift Right Arithmetic A 

SRAW dst Shift Word Right Arithmetic ? 

RRC dst Rotate Right through Carry A 

RRCW dst Rotate Word Right through Carry ? 

RLC dst Rotate Left through Carry 

RLCW dst Rotate Word Left through Carry 
ee 
Prox [a a EICSEIEIEEs 
pane fome |= 
fort [a [conser FEE REE 


a Co Googe 
=n Hoge 


Stack Instructions (One Operand) 


(ond heel OS elcicicn: 
PUSH Src Push on System Stack 
PUSHW src Push Word on System Stack 
PEA src Push Effective Address on System Stack 
POP dst Pop from System Stack 
POPW dst Pop Word from System Stack 
PUSHU src Push on User Stack 

src Push Word on User Stack 

src Push Effective Address on User Stack 
POPU dst Pop from User Stack 
POPUW dst Pop Word from User Stack 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Multiply and Divide Instructions (Two Operands) 


dst, src Multiply 8x8 


Divide 16/8 ‘ é 
dst, sre Divide Word Stepped 32/16 f f ? f ? 


Boolean Instructions (Two Operands) 


dst, src Bit Load 


dst, src Bit AND 
dst, src Bit OR 
dst, src Bit Exclusive OR 


Boolean Instructions (One Operand) 


Bit Complement 
Bit Test and Set 


Program Control Instructions (Three Operands) 


Operand 
Compare and Jump on False, 
OPUFI dst, src Otherwise Post Increment 


Compare and Jump on True, 
CPUTI dst, src Otherwise Post Increment 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Program Control Instructions (Two Operands) 


Operand | Flags 
RBomoes 


= eo Pa beter ee) 
a ser np Te -EEEEE 


DJNZ oe a Working Register and Jump if Not -|-|-|-|-|- 


DWJNZ Decrement a Register Pair and Jump if Not Zero f-|-]-|[-[-]- 


Program Control Instructions (One Operand) 


Operand | Flags 
BOO 


(@) 
Az 
n 
ont 
| atl 
= = 
OQ 3 
2 Oo 
Q. a8) 
= O. 
S 2 
2 3 
[ a 
Cc “a 
3 ‘@) 
re) 
hed 3 
Q. 
= 
re) 
3 
a 
= 
ro) 
Comal 


JR 
JP 
JP 


CALL 


Program Control Instructions (No Operand) 


Operand | Flags 
eo ee 

pret |__| Patino iin BeSeao 
met |__| Renton nn BOOooG 


Stop Program Execution and Wait Next Enabled In- 
WEI terrupt. If a DMA request is present the CPU ex- 
ecutes the DMA service routine and returns to WFI 
state. 
HALT i! Stop Program Execution until RESET =} -|-]-]-]-| 


Miscellaneous (Two Operands) 


Operand Flags 
Cee 


sar PEGE 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Operand 


src 
STC 
sic 
src 

rc 


s 


Y 
= 


Operand 


Enable Interrupts 


Disable Interrupts 


®) 
TI Tn 


Te es ee 


Select Data Memory 


No Operation 


each group and the number of operands required 
for each. The source operand is "src", "dst" is the 
destination operand, and "cc" is the condition code 
selection. 


Processor Flags 


An important aspect of any single chip microcon- 
troller is the ability to test data and make the 
appropriate action based on the results. In order to 
provide this facility, register 231 in the Register File 
is used as a Flag Register. Six bits of this register 
are used as the following flags: 


C - Carry 


ky SGS-THOMSON 


Miscellaneous (One Operand) 
ee Ea 
Set Register Pointer Long (16 Working Registers) 
Set Register Pointer 0 (8 LSB Working Registers) 
Set Register Pointer 1 (8 MSB Working Registers) 


Set Page Pointer 
Sign Extend 


Miscellaneous (No Operand) 


I ( 


Set Carry Flag 
C Reset Carry Flag 
CCF Complement Carry Flag 
SPM Select Program Memory 


ST90R50 


Bee Se, 


ae 


Z - Zero 

S - Sign 

V - Overflow 

D - Decimal Adjust 
H - Half Carry 


One of the two remaining bits in the flag register is 
available to the user (bit 1, F1). Bit O is the Pro- 
gram/Data Memory selector bit and is operated on 
directly by the hardware within the ST9OR50. The 


_P/D pin will follow the status of this bit. 
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SOFTWARE DESCRIPTION (Continued) 
Table 24. Condition Codes Summary 
= 


= za 
N 2) 
ZINI] Z| 0 
o;@2);o|;p 
fo) 
Sir 
= < 
a a Nae 
Pal Bl ed 
eens eee (eae ee 


ra fe 
i 
oO 


ae 
Cee = 
x 
= 
: 
z= 
[iia tana 
fast | Wasned eaertnn irae 


QO;oG/QO!]2Z2\/m{i 2 ae) N 


I~ 


Condition Codes. Flags C, Z, S, and V control the WHILE, DO, LOOP, SWITCH, BREAK, 
operation of the "conditional" Jump instructions. PROCEDURE, RESTURN). 
Table 24 shows the condition codes and the flag LST9 Incremental Linker/Loader. 


settings affecting the jump. 
: een a CST9 Optimised C-Compiler (ANSI STANDARD). 


POWERFUL DEVELOPMENT ENVIRONMENT ARST9 Library Archiver. 


ST9 Software Tools SIMST9 Software Simulator with realtime emula- 


The following Software Tools are available for MS- tion executor 


DOS, SUN-3 and SUN-4 operating systems: ST90R50 Hardware Emulator. Realtime emula- 
; tion of the ST90R50 in all packaging options is 
AST9 high-level macro assembler with predefi- performed by a modular emulation system, inter- 


nited macro instructions (IF/ELSE, faced to the host computer through an RS232 
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ABSOLUTE MAXIMUM RATINGS 


a 
OT 
[Wis es | Arn Sp otne «dane tse [| 
a 
a 


Note: Stresses above those listed as “absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


< 


< 


< 


<= 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


DC ELECTRICAL CHARACTERISTICS 
(Vpop = 5V + 10% Ta = — 40 °C to + 85°C, unless otherwise specified) 


Symbol Parameter 


Clock Input High Level External Clock | 0.7Vo | | Von + 0.3 | V 
ee cc Co 
Vin Input High Level 
L 
Vit 


Test Conditions 


CMOS 0.7 Vop VDD+ | y 
03 
a cc 
Input Low Level 


[eave | 


Vou [Output High Love Push Pul,load=—08mA|Voo-08[ 
bane 


Push Pull or Open Drain, ~ 
Output Low Level lload = — 1.6mA — 
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DC ELECTRICAL CHARACTERISTICS (continued) 


ae — | ue 
| win, | Typ | Max | 
Active Pull-up Current, — 200 — 420 
/O Pin Input Leakage Input/Tri-State, OV < Vin < Vop a 
Reset Pin Input Leakage OV fOV<Vin<Voo fOV<Vin<Voo < Vpp — | -30 | +30 | | +30 | 


Alternate Function, 
Active Pull-up Input Leakage | 0V < Vin < 0.8V -So---ba-bS 
Run Mode Current 
Run Mode Current 2aMz, Note 1 ee 
IWF WFI Mode Current 
luact | HALT Mode Current 24MHz, Note 1 pf F100 BA 


anit “all VO Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


Test Conditions 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0.8mA 
PUSH~PULL OUTPUT 
TEST CONDITION 
“0° SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH=PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


VA00117 
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AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vop = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


3 


TrC, TfC OSCIN Rise and Fall Time 


TwCL, TwCH OSCIN Low and High Width 
Notes: 


1. Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vin =0.8V op 


Vit =0.2V OD 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vop = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not Divided 
By 2 By 2 
TeA(AS): cles See aime TpC (2P+1) -22 TWCH+PTpC —18 p20] | ns | 
F ThAS (A) nodes Hold Time after AS |+46 _17 TwCL 13 p25] | ns 


TdAS (DR) _|AS T to Data Available (read) |TpC (4P+2W+4)-52 |TpC (2P+W+2)-51 | | 115 | ns | 
AS Low Pulse Width TpC (2P+1) -7 TwCH+PTpC -3 | 35 | | ns | 
[5 [TdAz (0S) |AddressFioattopsy oC 


ie DS Low Pulse Width (read) |TpC (4P+2W+3) 20 | TWOTi+ TPG (2P+W+1) j105} | ns 


TwDSW _|DS Low Pulse Width (write) [TpC (2P+2W+2)-13 |TpC (P+W+1) -13 | 70 { | 


} 8 [raps (DR) ae Data Valid Delay TpC (4P+2W-3) -50 TwOHeTpC@P+We1) = | | 75 | ns | 


[8 [THOR (OS) [DaiaioDST HA Tine fead|O 

[70"[TaDs (a) — [BS Te Adtkess Aatve Delay|TPO—7 TwoL-3 +L 8 | | ns | 

at [fans (as) [DSTIOAS Oey —__—(ipo=e_——~SC~*iT Law SSC |i 
1 


) 
TeRWAS): [ee oe meets AS |Tpc (2P+1) -22 TwCH+PTpC —18 )20) | ns 
) 


TdDW Write Data Valid to DS x 
ThDS (DW) nee TimeafterDST  lt5¢_9 TwCL-5 33] | ne | 
16 [re A(DR paatess vale to Data Valid [+36 (gp,2w45) -68 ee (3P+W+2) | | 140] ns 


77 fisas BS) [ASTIODS Losey ___fipo=18 ___—_—_—woL—14 pees 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


AS 
(AS 
DS T to R/W and Address 
) 


Legend: TpC =OSCIN Period 
P  =Clock Prescaling Value TwCH = High Level OSCIN half period 
W_ = Wait Cycles TwCL =Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 
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EXTERNAL BUS TIMING 


CPUCLK 


| UX 


ae | 


i 
(READ) 


A7—AO 07-DO OUT 
(WRITE) { a 


15 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VAOO115 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta= —40°C to +85°C, 


Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 
Value (Note) 
symbol parameter OSCIN Divided | OSCIN Not Divided 
By 2 By 2 

TpC(6P-+2W+7)+65 |TpC(3P+W+3)+TwCL+65 Ek | 
TdBR (BACK) |BREQTtoBUSACKT |3TpC+60 TpC+TwCL+60 | 
Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


+ [Teen exc BREQ J to BUSACK J oe | so | |e 
} 360 | ons. | 
[795 [oe 
a 
prescale value and number of wait cycles inserted. 
BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 
CPUCLK 
BUSREQ 


BUSACK 


MEMINT 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter oe a OSCIN Ey ne 


ae RDRDY, WRRDY Pulse p 
TwR Width in One Line 
Handshake (P+W+1) -18 
RDSTB, WRSTB Pulse 
nS i zor pee Tel I= 


RDSTB, or WRSTB T 
to RDRDY or WRRDY J 


Port Data to RDRDY T (2P+2W+1) 
c TsPD (RDY) | set-up Time TpC —25 


TdST (RDY) 


Port Data to WRSTB T 
Set-up Time 


RDSTBD T to Port Data 
Delay Time in Bidirectional 
Handshake 


RDSTB T to Port High-Z 
Delay Time in Bidirectional 
Handshake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252. 2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 
INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VA00113 
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ST90R50 
EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter 
Divided teat 


[7 eth lo ei Pass WahinRrgeaponmee | OTE | Tove [= [| we 
[2 fiw |rpteiiinan Rae Wahine apenece [ae | Too |e | | w_ 
swat |eontotrnon Pas Wah inFat Ep nie [Tote | Tove [6 [| 
[+ etF [low tsar Puss Wah inFag apo bos [ tpoote | Tove [ee [ [we 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


Symbol Parameter 


ee 9 eee ee 
2 [oor [our esse ah | ee 
[| wwe [wonton risewen [sof de 
[| wwonr fwonignruse wan [see 


WATCHDOG TIMING 


VA00110 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output 


Alternate Function oo as Push-pull) 

pM | Max. 
ee ee ee ae a 
arent) ros baie tew [sa senea | [ 
a freon sonoma [| 
a 
a 
a fae astern [ae 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 57. 84-Lead Plastic Leaded Chip Carrier 


| MM | INCHES 
a [i [ae a [ar 
| A [30.10] [30.35/1.18| | 1.19 | 
|B f2920)  aoiti4| | 1.15 
a a a ie a 
(Ee a (A D 
| D |420{  |5.08/0.16] | 0.19. 


ORDERING INFORMATION 


ST90R50C6 24MHz -40°C to +85°C PLCC84 
ST90R50C1 24MHz 0°C to +70°C PLCC84 
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32K ROM HCMOS MCU WITH BANKSWITCH 


= Single chip microcontroller with 32K bytes of 
ROM, 1,280 bytes of static RAM and 256 bytes 
of register file with 224 general purpose registers 
available as RAM, accumulators or index poin- 
ters. 


Bank-Switch logic allowing a maximum address- 
ing capability of 8M bytes in both program and 
data spaces (16M byte total). 


8/16 bit CORE with full feature DMA controller, a 
powerful interrupt handler and a Standard Serial 
Peripheral Interface (SPI) handling S-bus, I?C- 
bus, IM-bus and Standard Serial Peripheral In- 
terfaces. 


Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 

Three 16 bit Multifunction Timer modules, each 
with an 8 bit prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 11us conversion time, 
8 bit +1/2 LSB resolution with Analog Watchdog 
on two channels. 


Two full function Serial Communications Inter- 
faces with 110 to 375000 baud rate generator, 
asynchronous and byte synchronous capability 


Figure 1. ST9054 Block Diagram 


1/0 1/0 
1/0 1/0 PORT 4 PORT 5 
PORT 0 PORT 1 as ernie lee 


May 1991 


AND A/D CONVERTER 


ADVANCE DATA 


(Ordering Information at the end of the datasheet) 


(fully programmable format) and address/wake- 
up bit option. 

= On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 


= Upto nine 8 bit l/O ports with programmable input 
thresholds and output characteristics. Alternative 
functions allow the full use of all pins. 


= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


=™ Windowed and One Time Programmable 
EPROM parts available for prototyping and pre- 
production development phases. 


be FY 


VRO01386 
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This is advanced information on a new product now in development or undergoing evaluation. Details are subject to change without notice. 
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Figure 2. ST9054 Pin Configuration 


TRINA 
1INB 


WRORDY 
P84/TIINA/WAIT/WDOUT 
P85/PD/T3INB 


P53/PD 
Y/T 
P82/TIOUTO/WR5STB /INT1 


PB3/TIOUTI/RD5S1B /INTI 


A8/P10 
RESET 

OSCIN 

Vss 

OSCOUT 

P50 

Vss 

P52 
P54/T10UTO 
P55/TIOUTI 
P56/T30UTTO 
P57/T30UT1 
Vpp 

P80/ 
P81/RD5RD 
P86/T30UTO/INT7 


11109 8 7 6 &§ 4 3 2 1 84 B3 &2 81 80 79 78 77 76 75 
@ 


AQ/P11 
A10/P12 
Al1/P13 
A12/P14 
A13/P15 
A14/P16 
AIS/P17 
AO/P60 
A1/P61 
A2/P62 
A3/P63 
A4/P64 
AS/P65 
A6/P66 
A7/P67 
ADO/POO 
AD1/PO1 
AD2/P02 
AD3/P03 
AD4/P04 
AD5/P05 


ST9054 


33 34 35 36 37 38 39 40 41 42 435 44 45 46 47 48 49 


/INT4/P45 
TDOUTI /INTS /P46 
TDOUTO/BUSREQ/P47 


WDOUT/TOETCK /INTO/P 44 
BUSACK 


Note 1 : P70/AINO/ADTRG/WR4DRDY/RXOCKIN/WDIN/BSH_EN1. 


GENERAL DESCRIPTION 


The ST9054 is a ROM member of the ST9 family 
of microcontrollers, completely developed and pro- 
duced by SGS-THOMSON Microelectronics using 
a proprietary n-well HCMOS process. 


The ROM part is fully compatible with its EPROM 
versions, which may be used for the prototyping 
and pre-production phases of development, and 
can be configured as: standalone microcontrollers 
with 32K bytes of on-chip ROM, microcontrollers 
able to manage up to 120K bytes of external mem- 
ory, (16M byte with the Bankswitch logic), or as 
parallel processing elements in a system with other 
processors and peripheral controllers. 
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BSO/P20 


74 0 P87/T30UT1 /NMI 
AV. 


nN AVop 

1 P77/AIN7 
1 P76 /AING 
 P75/AIN5 


P73/AIN3/PD/TOINA 
P72/AIN2/CLKDOUT/TXOCKIN/BSL—-EN1 
P71/AIN1 /RD4RDY/SD!I/TOINB 
P70 (NOTE 1) 
P97/SD0/RD4STB/INT6 
P96/SCK/WR4STB/INT2 
P95 /SDIN/BUSACK 
P94/SOUT 
P93/RXICKIN/TDOUTO 

58 0 P92/CLK10UT/TXICKIN 

57 [1 P91/TDOUTI/SIIN 

ss 1 P90/S10UT 

55 1 P27/8S7 

54 D P26/BS6 

51 52 53 


BS1/P21 
BS2/P22 
BS3/P23 
BS4/P24 
BS5/P25 


VAOA261 


Akey point of the ST9054 architecture is its modu- 
lar approach which allows software commonality 
with all other members of the ST9 family. 


The nucleus of the modular design of the ST9054 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, I?C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 
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GENERAL DESCRIPTION (Continued) 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST9054 
with up to 72 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to nine 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
address and data buses for interfacing external 
memory, timer inputs and outputs, analog inputs, 
external interrupts and serial or parallel I/O with or 
without handshake. 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (internal and external), Data Memory (in- 
ternal and external) and the Register File, which 
includes the contro! and status registers of the 
on-chip peripherals. 


Three 16 bit MultiFunction Timers, each with an 8 
bit Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11s 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device are two full duplex Serial 
Communications Interfaces, each with an integral 
110 to 375000 baud rate generator, asynchronous 
and byte synchronous capability (fully programm- 
able format) and associated address/wake-up op- 
tion, plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and 
Data Memory signals are valid for program or data 
memory transfers. Under program control, AS can 
be placed in a high-impedance state along with 
Port 0, Port 1, Port 6, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 


ST9054 © 


DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST9054 ac- 
cesses on-chip memory, DS is held high during the 
whole memory cycle. It can be placed in a high 
impedance state along with Port 0, Port 1, Port 6, 
AS and R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. The timing of R/W may be 
modified when using the Bank Switch Logic mem- 
ory expansion to prevent external timing conflicts. 
R/W can be placed in a high impedance state along 
with Port 0, Port 1, Port 6, AS and DS. 


RESET. Reset (input, active low). The ST9 is in- 
itialised by the Reset signal. With the deactivation 
of RESET, program execution begins from the 
Program memory location pointed to by the vector 
a in program memory locations 00h and 
Oth. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7, P4.0-P4.7, P5.0- 
P5.7, P6.0-P6.7, P7.0-P7.7, P8.0-P8.7, P9.0-P9.7 
VO Port Lines (Input/Output, TTL or CMOS com- 
patible). 8 lines grouped into I/O ports of 8 bits, bit 
programmable under program control as general 
purpose I/O or as Alternate functions (see next 
section). 


/O Port Alternate Functions. 


Each pin of the I/O ports of the ST9054 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Table 1 shows the Functions allocated to each I/O 
Port pins 
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PIN DESCRIPTION (Continued) 
Table 1. ST9054 I/O Port Alternate Function Summary 


1/0 PORT 
aca Alternate Function 
Port.bit 


| 
[rz [rane | 10 rte cx 
ros [ass «it —=d essiData bt moe 
[608 [rss | 10 rsa | 
[Pos [ass | vO —*| Aess/Databiémux «| 
[por_[arm7 | WO —* AdrossiDetabt7 mux dC 
a 
iti SCSC~*dC‘“‘éaO~*d ess SCSCSC~C“‘“dSCSC*tSS 
a 
Ea 
[ria _[A@—id~SCCi*SS*d eso SCidCC 
a 
a 
a 
[P20 -[es0—~i| 0 —~d Bark Swich adarssorag) |e 
Pot —«desi_—SSdCSCSCOS~«*diC a Sch Ares ATT 
[Pez —=*Bse@—~S*CSCSC*tSCSC*diC a Sch Aves VBC 
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PIN DESCRIPTION (Continued) 
Table 1. ST9054 I/O Port Alternate Function Summary (Continued 
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PIN DESCRIPTION (Continued) 
Table 1. ST9054 I/O Port Alternate Function Summary (Continued) 
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PIN DESCRIPTION (Continued) 
Table 1. ST9054 I/O Port Alternate Function Summary (Continued) 
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ST9054 CORE 


The Core or Central Processing Unit (CPU) of the 
ST9054 includes the 8 bit Arithmetic Logic Unit and 
the 16 bit Program Counter, System and User 
Stack Pointers. The microcoded Instruction Set is 
highly optimised for both byte (8 bit) and word (16 
bit) data, BCD and Boolean data types, with 14 
addressing modes. Two 8 bit I/O ports are con- 
nected to the Core module for external memory 
interfacing, while a 16 bit Timer/Watchdog gives 
system security and timing functions, and a Serial 
Peripheral Interface allows for synchronous com- 
munication. Three independent buses are control- 
led by the Core, a 16 bit Memory bus, an 8 bit 
Register addressing bus and a 6 bit Interrupt/DMA 
bus connected to the interrupt and DMA controllers 
in the on-chip peripherals and the Core. This 
multiple bus architecture allows a high degree of 
pipelining and parallel operation within the ST9054, 
giving it its efficiency in both numerical calculations 
and communication with the on-chip peripherals. 


MEMORY 


The memory of the ST9054 is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The 
Memory may be expanded with the Bankswitch 
logic to give paging of the top 32K bytes of each 
space to expand the ST9054 addressing capability 
to 8M bytes in each space. The two memory 
spaces are separated by function, one space for 
Program code, the other for Data. The ST9054 32K 
bytes of on-chip ROM memory is selected at mem- 


ory addresses 0 through 7FFFh (hexadecimal) in 
the PROGRAM space. The Data space includes 
the 1,280 bytes of on-chip RAM at addresses 0 
through 04FFh. 


Off-chip memory, addressed using the address and 
data buses (Port 0, Port 1 and Port 6) and may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function. The mem- 
ory spaces are selected by the execution of the SDM 
and SPM instructions (Set Data Memory and Set 
Program Memory, respectively). There is no need 
to use either of these instructions again until the 
memory area required is to be changed. This re- 
quirement is not necessary in two cases: first, when 
operating with external stacks (the Data memory is 
automatically selected) and, secondly, when using 
the memory indirect to memory indirect post-incre- 
ment addressing mode (the memory types are 
specified in the instructions: LDPP, LDPD, LDDP, 
LDDD). 


Either the Data Memory or the Program Memory 
can be addressed using any of the memory ad- 
dressing modes. 


Program Space 


The Program memory space of the ST9054, from 
the 32K bytes of on-chip ROM memory to the full 
64K bytes with off-chip memory expansion is fully 
available to the User. At addresses greater than the 
first 32K of program space, the ST9054 executes 
external memory cycles for instruction fetches. The 
first 256 memory locations from address 0 to OFFh 
(hexadecimal) hold the Reset Vector, the Top-Level 
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MEMORY (Continued) 


Figure 3. Memory Spaces, Bankswitch Disabled 
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Figure 4. Memory Spaces, Bankswitch Enabled 
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MEMORY (Continued) 


(Pseudo Non-Maskable) interrupt, the Divide by 
Zero Trap vector and, optionally, the interrupt vec- 
tor table for use with the on-chip peripherals and 
the external interrupt sources. Each vector is con- 
tained in two consecutive byte locations, the high 
order address held in the lower (even) byte, the low 
order address held in the upper (odd) byte, forming 
the address which is loaded into the Program 
Counter when selected by the interrupt vector pro- 
vided by the interrupt source. This should point to 
the relevant Interrupt Service routine provided by 
the User for immediate response to the interrupt. 


Data Space 


The ST9054 addresses the 1,280 bytes of on-chip 
RAM memory from addresses 0 to 4FFh in the Data 
Space. It may also address External Data through 
the External Memory Interface when decoded with 
the P/D pin. The Data Strobe DS will not be gener- 
ated when accessing the internal memory. On-chip 
general purpose Registers may be used as addi- 
tional RAM memory for minimum chip count sys- 
tems. 


The Data Space is selected by the execution of the 
SDM instruction. All subsequent memory references 


Figure 5. Program Memory Space 
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will access the Data Space. When a separate Data 
Space is not required, data may stored in external 
RAM or ROM memory within the Program Space. 


ROMless Option 


In the event of a program revision being required 
after the development of a ROM-based ST9054, a 
mask option is available which enables the recon- 
figuration of the memory spaces to give a fully 
ROMless device. This means that the on-chip pro- 
gram ROM is disabled and ALL program memory 
is seen as external, allowing the use of replace- 
ment program code in external ROM memory. The 
on-chip memory in Data space is not affected. 


To give the ROMless function (when enabled by the 
MASK option), the pin selected by mask for ROM- 
less as an Alternate Function should be held to 
ground (Vss) with a high resistance (eg 100k ohm) 
during the RESET cycle. The pin status is latched 
on the rising edge of the RESET input. After this 
time, the pin is free for normal operation. 


If the ROMless option is enabled, and the on-chip 
program is to be used, the pin enabled for the 
ROMless function must to held to a high potential 
during the RESET cycle (eg with a 100k ohm 
resistor to Vpp). 


Figure 6. Data Memory Space 
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REGISTERS 


The ST9054 register file consists of 240 registers 
(224 general purpose) plus pages of 16 registers 
supporting the configuration and control registers 
for the on-chip peripherals. The 224 general pur- 
pose registers all have 8 and 16 bit arithmetic 
capability and may be used as accumulators, on- 
chip RAM, internal Stack areas (for system and/or 
user stacks), or, with the appropriate addressing 
modes, as index, offset or stack pointers. 


The register file is arranged into 16 groups of 16 
registers, where the general purpose registers oc- 
cupy the first 14 groups. The 15th group, E, con- 
tains the system registers and Group F contains 
the pages of the on-chip peripheral control regis- 
ters. 


Group F is paged in this manner due to the modu- 
larity of the ST9 family of microcontrollers. Each 
member of the family retains all general purpose 


Figure 7. Register Grouping 
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and system registers, only the paged register 
groups changing owing to the different on-chip 
peripheral organizations of each device. The User 
can therefore generate code libraries which use the 
general purpose registers knowing that they will not 
be lost on future ST9 devices. To address a paged 
register, the Page Pointer (PPR, R234) within the 
system register group must be loaded with the 
relevant page number using the SPP instruction. 
Subsequently any access to registers in the top 
group (R240-R255) will refer to the selected page. 
This remains set until the next change to the Page 
Pointer register (by the SPP instruction). 


The System group (Group E, registers REO to REF) 
includes the system and user stack pointers, the 
Mode register, the ALU FLAG register and the Page 
pointer register. In addition the data registers for 
the first 6 I/O ports are present, the configuration 
registers for the ports being in the paged area. This 
allows the immediate access to these I/O ports at 
all times. 


Figure 8. Page Pointer Mechanism 
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Figure 9. ST9054 Group F Peripheral Organisation 
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The Register Pointers, present in the system reg- 
ister group, select groups of registers as "Working 
Registers", which have faster addressing modes 
than direct Register addressing and allows smaller 
code size. The Register Pointers may either be 
used singly, creating a register group of 16 working 
registers, or as two independent groups of 8 work- 
ing registers which may be placed at any 8 register 


ky SGS-THOMSON 


ST9054 


43 
2B 


8 = 19 
. |RESER. |RESER. 


SCIO | SCI1 | ° 


boundary within the register file. The single and 
twin working register modes are automatically set 
by hardware when the respective SRP and either 
SRPO or SRP1 instructions are executed. If working 
registers are used as accumulators and RAM loca- 
tions for particular tasks, fast context switching on 
interrupts may be achieved by setting the register 
pointer to another group for the Interrupt Service 
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REGISTERS (Continued) 


Routine, ISR, (e.g. saving the Register pointer on 
the stack), using the new group in the ISR and 
subsequently restoring the original group before 
the Return from Interrupt instruction. Working reg- 
isters also allow the use of the ABAR - Any Bit-Any 
Register Boolean operations (including directly on 
the I/O port data registers). 


Inthe ST9 syntax, directly addressed Registers are 
indicated with a capital R e.g. RO, R224, RBF, with 
Register Pairs (16 bit accumulators or memory 
pointers) as RRO, RR24. When using Working 
Registers, groups of 16 registers (SRP instruction) 
are denoted as r0 to r15 (rr to rr14), while the dual 
working register group are addressed as r0 to r7 
(rrO to rr6), for the first group of 8 registers (SRPO), 
with r8 to r15 (rr8 to rr14) for the second set (SRP 1). 


Working register addressing requires a 4 bit field 
within the instruction. When packed into a byte, the 
upper nibble is set to Dh (1101b), this being the 
escape code to indicate the use of the working 
registers. As a result, group D CANNOT be se- 
lected with direct register addressing, it is recom- 
mended that this group be used as internal stacking 
area when using register file based system or user 
stack pointers. 


Figure 10. Groupe E Register Map 
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Figure 11. Single Working Register Bank 


GROUP F 


GROUP £ i ot 
REGISTER POINTER O 


GROUP 4 


VA00097 
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STACK POINTERS 


There are two separate, double register stack poin- 
ters available (System and User), both of which can 
operate in register or Data memory address 
spaces. These operate in a Pre-Decrement mode 
when data is PUSHed onto the Stack and ina 
Post-Increment mode when data is PoPed from the 
stack. 


The SYSTEM Stack Pointer (SSPR, R238:R239) 
is used for the storage of temporarily suspended 
system and/or control registers (ie the the Program 
Counter and FLAG register) while interrupts are 
being serviced, and is used for the storage of the 
Program Counter following the CALLing of a sub- 
routine. 


The USER Stack Pointer (USPR, R236:R237) is 
completely free from all interference from automat- 
ic operations and so provides for a totally User 
controlled stack area. 


Figure 13. Internal Stack Pointers 


REGISTER FILE 


STACK POINTER L 
STACK POINTER H 


VA00434 


ST9054 


Both Stack pointers may operate with both byte 
(PUSH,POP) and word (PUSHW,POPW) data, and are 
differentiated by appending a "U" to the instruction 
mnemonic for the User Stack (PUSHU/PUSHUW, 
POPU/POPUN). 


When the Stack Pointers are using RAM Memory 
as the stack areas, a full word register is used as 
the pointer, while when operating with the stack 
area within the Register File (Groups 0 to 14 only, 
but not the within the system and paged groups) 
only an 8 bit register is required for addressing and 
consequently only the low byte of the word regis- 
ters are used (R239 for the System Stack and R237 
for the User Stack). In this latter case the upper byte 
of the stack pointer registers (R238 and R236) 
must be considered as reserved. The Stack Poin- 
ters may be selected to point to RAM or Register 
file by the setting of the SSP (MODER.7) and USP 
(MODER.6) of the ST9054 configuration register 
(MODER, R235) where a "1" denotes Register file 
operation (Default at Reset) and "0" causes exter- 
nal Data space operation. 


Figure 14. External Stack Pointers 
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INTERRUPTS 


The ST9054 offers a powerful solution to the re- 
sponse requirements of real-time systems with its 
advanced interrupt structure. Interrupt trigger sour- 
ces can be prioritized within 8 levels to match the 
priorities assigned to the application. In addition a 
top-level or non-maskable interrupt is available. 


The ST9054 interrupts follow the logical flow of 
figure 15. 


Interrupt events (selectable with each function) 
cause the setting of the Interrupt Pending (IP) bit 
within the status register of the peripheral. This bit 
may also be set by software in order to generate a 
software interrupt, and should normally be reset by 
software within the interrupt service routine. If the 
interrupt is not Masked with the corresponding 
Interrupt Mask bit, the interrupt is passed to the 
central interrupt control logic where the priority level 
assigned by the User to the interrupt source is 
compared with the priority level of the core (User 
programmed dynamically in the 3 bits of the Central 
Priority register (CPL, CICR.0-2, Level 7 is the 
lowest priority and level 0 the highest). If the incom- 
ing priority level is higher than the CPL, and Global 


Figure 15. Interrupt Logic 
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Interrupts are enabled (by the EI instruction, inter- 
rupts are disabled by the execution of the DI 
instruction), the interrupt is acknowledged. If inter- 
rupts are globally disabled, the priority level of the 
source is lower than or equal to the CPL or the 
Interrupt is masked, then the IP bit remains set and 
the interrupt is held pending until the EI instruction 
is executed, the CPLis set to a lower level AND the 
interrupt is un-masked. Alternatively the IP bit of a 
masked interrupt source may be used in a polled 
interrupt environment, with the IP bit being reset by 
software within the service routine. 


The interrupt acknowledge cycle causes the Pro- 
gram Counter and FLAGS register to be pushed 
onto the System Stack (PC low byte first, PC high 
byte, then FLAGS Register) and all maskable inter- 
rupts to be disabled by resetting the IEN bit 
(CICR.4). The peripheral Interrupt Vector, IVR, a 
User programmable feature of the peripheral inter- 
rupt control registers, is used as an offset into the 
vector table, pointing to the high byte (even ad- 
dress) of the 16 bit address which should contain 
the starting address of the interrupt service routine. 
Addresses 0 through 255 of the program space 
comprise the interrupt vector table. Where multiple 
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INTERRUPTS (Continued) 
Figure 16. Interrupt Vector Table Usage 
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interrupt Sources may occur within a peripheral, the 
peripheral interrupt vector source may be encoded 
by hardware set bits within the IVR register. This 
means that the vector address defined in the pe- 
ripheral IVR is the base address for a block of 
vectors servicing that peripheral. The address 
pointed to by the vector is loaded into the Program 
Counter and execution restarts from this point. 


The interrupt service routine should clear the inter- 
rupt pending flag of the interrupt source and take 
the appropriate action. The last instruction of the 
interrupt Service routine should be the IRET in- 
struction, the action of this is to restore the Program 
Counter and Flags register to their value prior to 
the interrupt acknowledgment, and to re-enable 
interrupts. Within the interrupt service routine, use 
may be made of the working register pointer mech- 
anism to reduce the context switching time. 

Two interrupt arbitration modes are available for 
use with the 8 level priority scheme, Nested and 
Concurrent modes. These are selected by the 
status of the IAM bit (CICR.3). 
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Concurrent mode, selected when IAM = "0" (the 
reset condition) is the standard interrupt arbitration 
mode, where the arbitration phase of every instruc- 
tion acknowledges interrupts according to their 
priority level (if higher than the CPL) and follows the 
sequence shown. All pending interrupts existing or 
having eventually occurred during interrupt service 
routine execution, remain pending until the Enable 
Interrupt instruction (EI) (even if it is executed 
during the interrupt service routine). EI within the 
interrupt service routine is not recommended for 
use with the Concurrent arbitration mode as this 
can trigger a Last In, First Out condition where high 
priority interrupts are masked by lower priority in- 
terrupts which are all higher than the CPL value. 


Nested mode, selected when IAM = "1", uses the 
same arbitration phase as concurrent mode, the 
difference being that the CPLis modified during the 
interrupt processing cycle to that of the acknow- 
ledged interrupt level. The CPL value is pushed by 
hardware into the Nested Interrupt Control register 
(NICR, R247 page 0) by setting the NICR bit corre- 
sponding to the CPL value. The interrupt service 
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INTERRUPTS (Continued) 
Figure 17. Interrupt Modes Example of Usage 
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routine is entered in the normal manner. The re- 
vised CPL level is used for arbitration of further 
interrupts, each higher level being saved on the 
NICR stack, and being restored automatically by 
hardware with the IRET instruction. This allows the 
execution of the EI instruction within the interrupt 
service routine to operate the correct nesting of 
interrupts. The two modes are shown graphically in 
figure 16, where the Y axis shows the CPL value. 
It should be noted that in the example INT1 will not 
be acknowledged until the CPL level is pro- 
grammed to a lower level. 


Interrupts coming from on-chip sources at the 
same instant, and at the same priority level, are 
resolved during the arbitration phase according to 
a hardware daisy-chain. This follows the priorities 
of the table shown in Table 2. 
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Table 2. ST9054 Interrupt Hardware Daisy 
Chain 
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External Interrupts. Up to 8 external interrupts are 
available on the ST9054 as alternate function in- 
puts of I/O pins. These may be selected to be 
triggered on rising or falling edges and can be 
independently masked. The eight external interrupt 
sources are grouped into four pairs or channels 
which can be assigned to independent interrupt 
priority levels. Within each channel the even inter- 
rupt number takes the even priority level and the 
odd channel the odd priority level (even+1). 


Table 3. External Interrupt Channel Grouping 
INT7 INTD1 
INT6 INTDO 
INT5 INTC1 
INT4 INTCO 
INT3 INTB1 
INT2 INTBO 
INT1 INTA1 
INTO INTAO 


Several of the External Interrupt channels have 
their inputs selectable between the external inter- 
rupt source and on-chip peripheral sources. 


Figure 18. Top-Level Interrupt Structure 
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Table 4. ST9054 External Interrupt Souce 
Selection 
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Timer/Watchdog 
End of Count 
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SPI Interrupt 


Top Level Interrupt. The Top Level Interrupt chan- 
nel can be assigned either to the external NMI pin 
or to the Timer/Watchdog output. When selected 
as the external NMI pin, the active edge may be 
programmed to be rising or falling. The TLI event 
will cause the setting of the TLIP bit (CICR.6) and 
according to the mask situation, a Top Level Inter- 
rupt request may be generated. Two masking con- 
ditions are available, a Maskable Mask and a 
Not-Maskable Mask. 


The Maskable Top Level Interrupt.may be enabled 
or disabled by software and follows the state of the 
Global Interrupt Enable bit IEN (CICR.4), while the 
Not-Maskable Mask bit (TLI, CICR.5) is a set-only 
mask. Once set, the Top Level Interrupt is active 
independently of IEN and cannot be disabled until 
the next Reset cycle. 
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The ST9054 has on-chip DMA channels to provide 
high-speed data transaction between peripherals 
and Memory or Register File. Multi-channel DMA 
is fully supported because each peripheral can 
have its ovn DMA channel(s). Each DMA channel 
transfers data to/from contiguous locations of the 
Register File, Program Memory or Data Memory. 
The maximum number of transactions that each 
DMA channel can perform is 222 if the Register File 
is selected and 65536 if Program or Data Memory 
are selected. 


DMA transfer to (or from) the Register File takes 8 
INTCLK cycles, DMA transfer to (or from) Memory 
takes 16 INTCLK cycles. If the ST9054 is in the idle 
mode (following the execution of the WFI instruc- 
tion), DMA requests are acknowledged according 
to their priority and control is returned to the idle 
mode pending an interrupt, this operation in- 
creases the number of INTCLK cycles by 2 for both 
Register File and Memory DMA transactions. 


Each DMA channel has its own control registers 
located in the page(s) related to the peripheral. 


Figure 19. DMA Between Registers and Peripheral 
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There are two pointer registers, DAPR which points 
to a register or register pair containing the current 
DMA address to/from which data will be trans- 
ferred, and DCPR, which points to a register or 
register pair which contain the transaction counter 
for the DMA operations. Each DMA transfer con- 
sists of three operations: 


— A load from/to the peripheral data register 
to/from a location of Register File (or Memory) 
addressed through the DMA Address Register 
(or Register Pair) 


— Apost-increment of the DMA Address Register 
(or Register Pair) 

— A post-decrement of the DMA transaction 
counter, which contains the number of transac- 
tions that have still to be performed. 


When the transaction counter reaches 0 (all data 
has been transferred) an End of Block Interrupt 
event is generated to allow the processing of the 
DMA data block, or, by reloading the Address and 
counter registers and retriggering, arepeated DMA 
cycle. 
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DMA (Continued) 


A SWAP mode, allowing continuous DMA oper- 
ation, is available for the Multifunction Timer and is 
described in the section relating to the Multifunction 
Timer. 


The ST9054 has DMA channels associated with 
the Serial Communications Interface Input and 
Output Serial data channels; the 16 bit Load/Cap- 


Figure 20. DMA Between Memory and Peripheral 
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Timer, allowing the timing of external signals to be 
captured into a table for off-line analysis or for the 
automatic output of PWM signals of variable width 
and timing; and the 16 bit Comparison Register 0, 
COMPOR, of each Multifunction Timer which can 
be programmed to cause output or input of parallel 
data through the handshake ports under DMA. 
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Clock Generation 


The ST9054 Clock Generator module generates 
the internal clock for the ST9 core and the on-chip 
peripherals, it may be driven by an external quartz 
crystal circuit, connected to the OSCIN and OS- 
COUT pins, or by an external pulse generator 
connected to OSCIN (figure 21, figure 22). 


The conceptual schematic of the ST9 internal clock 
circuit is shown in figure 23. 


Figure 21. Crystal Oscillator 
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Figure 23. Internal Clock Circuit 
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The maximum external frequency of the ST9 is 24 
MHz, while the maximum internal operating fre- 
quency is 12 MHz, thus a programmable divide by 
two circuit is present, this allows the use of high 
frequency crystals for economy, or low frequency 
crystals for reduction in radiated noise. This divider 
is active upon exit from the reset condition, the User 
may bypass the divide by two circuit by setting the 
DIV2 bit (MODER.5). The resulting clock from this 
section is named INTCLK, the internal clock which 
drives the timebases of the on-chip clock for the 
ST9054 peripherals (eg the Multifunction Timer, 


Figure 22. External Oscillator 
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CLOCK GENERATION, WAIT, HALT AND 
RESET (Continued) 


Timer/Watchdog, Serial Communications Inter- 
face) and also the input of the CPU prescaler 
section. The CPU of the ST9 includes the instruc- 
tion execution logic and may run at different rates 
according to the setting of the PRS2,PRS1 and 
PRSO bits (MODER.4-2) (figure 24). The resulting 
clock is named CPUCLK and it should be noted that 
this does not maintain a 50% duty cycle, but stret- 
ches the high level of the clock until completion. 
The CPUCLK prescaler allows the User to slow 
down the program execution time (eg for lower 
power consumption), while time-critical sections of 
the program may tune the CPUCLK execution 
speed to high speed and then restore it to its 
original speed. 


Figure 24. CPUCLK Prescaler 
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Wait States 


The output from the prescaler can also be affected 
by wait states. Wait states from two sources allow 
the User to tailor timing for slow external memories 
or peripherals. The internal Wait State generator 
will insert from 0 to 7 wait states, independently 
programmable for both Program and Data Spaces, 
via the Wait Control Register WCR (R252, page 0). 
The second source of wait states is the external 
Wait input pin when enabled as the Alternate Func- 
tion. Fig 25 shows the External Memory Interface 
timing as it relates to CPUCLK prescaling of 2 and 
5 added wait states. The added wait states are 
derived from the INTCLK clock cycle, not CPUCLK. 
Internal memory is always accessed with no Wait 
states. 
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CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 


Figure 25. External Memory Interface Timing with CPUCLK Prescaling and 5 Added Wait States 


| 11 | T2 


INTCLK 


R/W 


Halt and Wait for Interrupt (WFI) States 


The schematic of the on-chip oscillator circuit is 
shown in figure 26. The HALT condition, caused by 
the execution of the HALT instruction, disables the 
oscillator, forcing OSCOUT high. This places the 
ST9054 into the lowest power mode. The exit of the 
HALT condition and the restarting of the oscillator 
requires a RESET pulse with a minimum duration 
of 10ms (figure 27). It must be noted that if the 
TIMER/WATCHDOG has the WATCHDOG mode 
enabled, a HALT instruction will not disable the 
oscillator; this is to avoid stopping the Watchdog if, 
by an error, a HALT instruction is executed. If this 
occurs, the ST9054 runs in an endless loop termi- 
nated only by the Watchdog reset (or hardware 
reset). 


The Wri (Wait for Interrupt) instruction suspends 
program execution until an interrupt request is 
acknowledged. During this period, DMA transac- 
tions are allowed if their priority is higher than or 
equal to the CPL level; the ST9054 returns to WFI 
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Figure 26. Oscillator Schematic 
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CLOCK GENERATION, WAIT, HALT AND 
RESET (Continued) 


mode after completion of the DMA transfer. The 
CPUCLK is halted during Wait For Interrupt while 
INTCLK continues to run, thus the power consump- 
tion of the processor is lowered by the CORE power 
consumption value. 


The External Memory Interface lines status during 
HALT and WFI modes is shown in Table 5. 


Table 5. External Memory Interface Line 
Status During WFI and Halt 


a 
CC 


> 


$T9054 


Reset 


The processor Reset overrides all other conditions 
and forces the ST9054 to the reset state. During 
Reset, the internal registers are set to their Reset 
values, as shown in Table 6 for the system and 
Page 0 Registers. The 1/O Ports pins are set to the 
Bidirectional Weak Pull-up mode. The User must 
then initialize the ST9054 registers to give the 
required functions. 


The Reset_condition can be generated from the 
external RESET pin or by the on-chip 
TIMER/WATCHDOG operating in Watchdog 
mode. To guarantee the complete reset of the 
ST9054, the RESET input pin must be held low for 
at minimum of 53 crystal periods in addition to the 
crystal start-up period. The Watchdog RESET will 
occur if the Watchdog mode is enabled (WDEN, 
WCR.6, is reset) and if the programmed period has 
elapsed without the code OAAh,55h written to the 
appropriate register. The input pin RESET is not 
driven low by the on-chip reset generated by the 
TIMER/WATCHDOG. 


Figure 27. Reset Timing Requirements from Halt State 


Voc MAX 


y CC MIN | 


= amma; 


ITA SGS-THOMSON 


VA00295 


23/73 


MICROELECTRONICS 


499 


ST9054 


CLOCK GENERATION, WAIT, HALT AND RESET (Continued) 


Table 6. System and Page 0 Reset Values 


Register 
Number 


System Register 
Reset Value 


(SSPLR) = undefined 
(SSPHR) = undefined 


(USPLR) = undefined 
(USPHR) = undefined 
(MODER) = E0h 
(Page Ptr) = undefined 


Reg Ptr 1) = undefined 


( ) 
(Reg Ptr 0) = undefined 
(FLAGR) = undefined 


(CICR) = 87h 
(PORTS) = FFh 


(PORT4) = FFh 


(PORT2) = FFh 


) 

) 
(PORTS) = FFh 

) 

) = FFh 


(PORT1 


(PORT 0) = FFh 


During the RESET state, DS is held low and AS is 
toggled with the frequency of the crystal (OSCIN) 
divided by 32. This condition may be recognized by 
external peripherals as a Reset condition. It may 
also be used to enable the synchronization of 
multiple ST9054 running from the same clock in a 
multi-processing or high security majority voting 
system. 
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Reset Value 
) 


Once the Reset pin reaches a logical high, the 
ST9054 fetches the starting address from locations 
0 and 1 of the program space and begins program 
execution from this address after 67 crystal cycles. 
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INTERFACING TO EXTERNAL MEMORY 


External Memory and/or peripherals may be con- 
nected to the ST9054 through its External Memory 
Interface. This provides the multiplexed Address 
bits AO to A7 and Data bits DO to D7 as Alternative 
Functions of Port 0, and the higher order address 
bits A8 to A15 as Alternative Functions of Port 1, 
giving the full 64K bytes addressing capability. Port 
6 is available to be programmed as non-multi- 
plexed address outputs AO to A7 to reduce the 
requirement for an external latch to de-multiplex 
the low order addresses. Port 0, in this case, 
becomes solely the Data I/O port. The Pro- 
gram/Data (P/D) output, when selected as an Alter- 
nate function, allows external decoding to provide 
for the two independent pages for Program and 
Data. 


Data transfer timing is generated by the Address 
strobe AS and the data strobe DS. Address strobe 
low indicates that the data present on ADO to AD7 
is the low order address and is guaranteed valid on 
the rising edge of AS allowing for latching of the 


Figure 28. External Memory Addressing Circuit 
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address bits by an external latch (if Port 6 is not 
used). Data transfer direction is indicated by the 
status of the Read/Write (R/W) pin; for write cycles 
(R/W low), data out is valid at the falling edge of 
DS; for read cycles (RW high), data in must be 
valid prior to the rising edge of DS. The timing of 
the R/W signal may be modified by the setting of 
the RW bit (bit 0 Register OFFh, page 0) in order to 
accomodate different types of external memories. 
In addition, when the Bank Switch logic is enabled, 
the timing of the Bank Switch outputs may be 
modified by software to prevent potential conflicts 
on the data bus. Please refer to following sections 
for further details. 


The Data Strobe low period may be extended to 
accomodate slow external devices by the adding 
of internally generated wait cycles (0 to 7 cycles for 
program and/or data memory maps) or by an ex- 
ternal input on the WAIT input pin also available as 
an Alternative Function of an I/O bit. The Data 
Strobe is not generated when the ST9054 is ad- 
dressing internal memory. Suggested interface cir- 
cuits are shown in figures 28 and 29. 
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INTERFACING TO EXTERNAL MEMORY (Continued) 


Figure 29. External Memory Addressing Circuit 
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Port 2 of the ST9054 may be programmed by the 
User to become extended address lines allowing 
expansion of the memory to a maximum of 8M 
bytes in both program and data pages. This is 
achieved by paging of the top 32K bytes of memory 
(A15 high, addresses 8000h to FFFFh), with the 
lower 32K bytes (A15 low addresses 0000h to 
7FFFh) remaining static. The static area, segment 
0, allows for the direct access to interrupt service 
and page change routines, and other common 
sub-routines, while the paged segments (1 to 256) 
of 32K bytes may contain additional program code, 
database entries, printer fonts, buffer space, or any 
other function requiring a large amount of memory. 


The setting of Port 2 is made during the Reset 
cycle, by the latched status of the signals 
BSH_EN1 and BSL_EN1. These conirol the high 
and low nibbles of Port 2 between Address Expan- 
sion lines and normal I/O lines as shown in Table 7. 
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Table 7. Port 2 Nibble Programming For Bank 
Switch and I/O 


In order to program the functions, weak pull- 
up/down resistors (100k ohm) on the BSH_EN?1 
and BSL_EN1 designated lines are used to gener- 
ate the logic level latched on the rising edge of the 
Reset input. After this event, these lines may be 
used as I/O and be programmed in the normal way. 
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Figure 30. Bank Switch Memory Maps 
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When the Address Expansion is selected, several 
I/O port configuration registers take an alternative 
function. The Port Data Registers for I/O ports 2 
and 3 (Registers E2h and E8h) become the Bank 
Switch Data Segment Register and Bank Switch 
Program Segment Register respectively. The 
values held in these registers are output on Port 2 
whenever a memory access is made to either data 
or program spaces with A15 high. This allows Port 
2 bits to represent either extended address lines 


DATA SPACE (EXTERNAL) 


VRO01369 


A16 to A23 or to output chip-selects to external 
memories. For this second option the reset value 
for these registers, and the value output whenever 
A15 is low, is OFEh, generating the selection of a 
standard "startup" page automatically. Port 2 Con- 
figuration registers P2CO and P2C1 contained in 
I/O Page 2 hold the User programmed values 
output on Port 2 for DMA cycles with addresses in 
the the high 32K byte of the memory for data and 
program spaces respectively. 
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BANKSWITCH LOGIC (Continued) 
Figure 31. Bank Switch Register Mapping 
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Warning: The Bankswitch Program DMA register 
occupies the same register as Port 2 Control Reg- 
ister 2 (P2CR), so caution must be taken in writing 
to BS_PDSR when the high nibble is used as I/O 
and the low nibble is used forthe Bankswitch output 
as P2C2 is used for the port configuration. The 
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Program and Data Segment Registers are located 
in the direct Register file within the System Register 
group in order to be immediately accessible, while 
the DMA Segment Registers are held within an I/O 
page as, once programmed, they do not need 
constant service. 
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Output Timing 


In order to prevent potential bus conflicts on Port 0 
(Address/Data multiplexed) during the address 
strobe time when using the Bankswitch logic, the 
timing of the Bankswitch outputs may be modified 
by sofiware. This is achieved by setting to "1" bit 1 
of Register OFFh in I/O page 0. This causes the 
Bankswitch outputs to be all high during the ad- 
dress strobe period. The reset condition provides 
normal timing and status. 


Figure 32. Bankswitch Output Timing Modification 
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The timing of the Read/Write signal may be modi- 
fied as shown in the next figure by setting to "1" bit 
O of Register OFFh in I/O page 0. This allows the 
use of different types of external memories. When 
this bit is "0" (the reset state) normal timing is 
generated. 


Note: The LST9 ST9 Incremental Linker supports the paging mech- 
anism of the ST9054 and is able to allocate program and data code 
into specific segments if required. 
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BANKSWITCH LOGIC (Continued) 
Figure 33. R/W Output Timing Modification 
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BUS CONTROL 


Multi-processing or external program testing may 
be accomplished by disabling the I/O ports used for 
external memory addressing and the associated 
timing signals. 


High Impedance Mode 


The User may place the External Memory Interface 
(I/O Port 0, Port 1 and Port 6, Address Strobe, Data 
Strobe and Read/Write) into the high impedance 
state by setting the HIMP bit (MODER.0). External 
test equipment may then drive the memory lines for 
automatic test, external memory validation or pro- 
gramming. The ST9 will continue to execute inter- 
nal programs, providing no external memory is 
addressed, allowing the execution of security rou- 
ies without showing externally the addresses 
used. 
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Bus Request/Acknowledge 


The External Memory Interface address ports and 
timing signals may be forced to their high imped- 
ance state by utilizing the BUSREQ, Bus Request, 
and BUSACK, Bus Acknowledge, signals available 

as Alternate Functions of two I/O pins. The signals, 
BUSREQ and BUSACK, must be enabled by set- 
ting the BRQEN bit (MODER. 1). Once enabled, a 
low level detected BS the BUSREQ pin at the start 
of an internal machine cycle will cause the stretch- 
ing of the CPUCLK, and BUSACK to go low indi- 
cating that the_External Memory Interface is 
disabled. The BUSREQ pin is then continuously 
monitored, and when sampled high, the External 
Memory Interface pins are driven by the ST9 within 
two INTCLK cycles. 
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Summary of Function 


For the ST9054 84 pin package, only twelve pins 
have a Reserved function: Vpp(x2), Vss(x2), 
RESET, AS, DS, R/W, OSCIN, OSCOUT, the 
Analog to Digital Converter Voltage references. All 
other pins are available as Input/Output (I/O) forthe 
User, grouped into Ports of 8 bits. These may be 
programmed to be Input, Output, Bidirectional or 
Alternate Function (Peripheral or Memory Inter- 
face), on a bit by bit basis, at any time. When 
programmed as an Input the pin may be set to TTL 
or CMOS input threshold levels, while, when pro- 
grammed as Output, Push-Pull or Open Drain con- 
figuration may be selected. The Bidirectional mode 
sets the pin with a weak pull-up resistor to Vpp or 
to Open Drain, allowing bidirectional communica- 
tion with external logic. The Alternate Function 
setting is predetermined for each pin as shown in 
the Pin Configuration Table. 


The circuitry of the I/O port allows for several 
$T9054 peripheral functions to address, as Alter- 
nate Functions, the same pin, for both input and 
output, the User selects which peripheral function 
is to be active by enabling its individual Input or 
Output function. This multi-function I/O capability of 
the ST9054 allows for easy adaptation to external 


Figure 34. I/O Port Schematic 
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Table 8. I/O Setting Options 
TTL Thresholds 
Input 
CMOS Thresholds 
O Drai 
Push Pull 
Weak Pull-up 
| 
Alternate Function 
Push Pull 


circuits. The options available for each bit are sum- 
marized in Table 8. 


I/O Port Configuration 


The configuration of each general I/O bit of the 
ST9054 is set by the corresponding bits in three I/O 
Port control registers. These affect the status of the 
input and output buffers of the pin, and enable the 
Alternate function Outputs. Alternate Function in- 
puts are always connected, and are used by enab- 
ling the function from within the configuration 
registers of the relevant peripheral function. The 
configuration of an I/O bit is shown in figure 35. 
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I/O PORTS (Continued) 


Outputs follow a Master/Slave buffer, data is trans- 
ferred from the ST9Q internal data bus at the begin- 
ning of the machine cycle, and, if enabled as 
output, is passed to the output latch at the end of 
the cycle. This synchronization allows for the Bidi- 
rectional use of the pin without potential conflicts. 


Configuration Registers. 
Three registers are used to allow the setting of each 
pin, generically PxC2R, PxC1R, PxCOR, where x 


relates to the 8 bit I/O portin which the bitis present. 
The setting of the corresponding bit in each register 


Table 9. Port Configuration Status Bits 


Pxn Configuration 
Pxn Output 
Pxn Input 
Legend : 
x  =Port 
n =Bit 
BID = Bidirectional 


OUT = Output 
IN =Input 


Figure 35. I/O Port Input Configuration 
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to achieve the desired functionality of the I/O pin is 
shown in Table 9. 


The effect of the configuration settings of Table 9 
on the I/O ports structure is shown in figure 36 to 
figure 39. 


I/O Register Map 


The Data Registers which correspond to the pin 
status (after configuration) of I/O port 0 to 5, are 
found in Group E of the Register File, for immediate 
access at all times, while the configuration registers 
and the Data Registers for Additional Ports are 
found within I/O pages (Group F) 2, 3 and 43 (2Bh). 


AF =Alternate Function 
WP. = Weak Pull-up 

OD =Open Drain 

PP =Push Pull 

HI =High Impedance 


Figure 36. I/O Port Output Configuration 
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l/O PORTS (Continued) 
Figure 37. I/O Port Bidirectional Configuration Figure 38. I/O Port Alternate Function Config. 
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Figure 39. I/O Register Maps 
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Handshake and DMA 


I/O Ports 4 and 5 of the ST9054 are able to support 
a parallel interface with handshake capability. This 
allows one, two or four wire interconnecting hand- 
shake signals and facilitates very fast parallel trans- 
fer of data for input and output, or for the 
interconnection of peripheral devices requiring 
strobe signals for synchronization. Table 10 shows 
the available options for input and output status and 
strobe signals available as Alternate Functions of 
I/O port bits (see Pin Configuration). The Hand- 
shake configuration is set within the Handshake 
Control Register (HDCnR) for the relevant I/O port 
n. 


Data transfer through a parallel I/O port with hand- 
shake can also be triggered through a DMA chan- 
nel. Timing is generated by the ST9054 TIMER 
ON-CHIP EVENT strobe signal (see the TIMER 
section for information on generating these sig- 
nals), which causes the programmed transfer of 
data to or from the memory source which can be 
Register File, Program space memory or Data 
space memory. An example of application of this 


technique is shown in figure 41, a complex stepper 
motor timing sequence automatically being trans- 
ferred from a table in the Register File (or memory 
spaces) to the stepper motor drivers. After initiali- 
sation, this operation is transparent until the task 
(complex microstepping) is completed. 


Table 10. Handshake Control Signal Options 


Handshake 
Lines 


Output 
from 
Port 


Bidirectional 


Figure 40. Handshake + DMA Used for Stepper Motor Driving 
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TIMER/WATCHDOG 


A 16 bit down-counter, complete with 8 bit pres- 
caler, is integrated into the ST9054 core. This is 
able to operate both as a general purpose timer 
with associated input and output pins for timing 
functions, and also as a Watchdog Timer offering 
a security against possible processor malfunctions 
due to external events. 


Timer Modes 


When operating as a Timer, with a timing resolution 
from 338ns to 5.59s (INTCLK = 12MHz), an input 
pin (WDIN) and output pin (WDOUT) may be se- 
lected as the Alternate Functions of two I/O pins. 
When WDIN is enabled by the User by setting INEN 
high (WDTCR.3) and the Alternate Function is set, 
4 operating modes are available: The WDIN input 
may be programmed to act as an event counter 
input, with high to low transitions causing the 
counter to decrement (the time duration between 
the falling edges of the input clock must be at least 
333ns, allowing a maximum input frequency of 
3MHz). It may also be used for pulse width meas- 
urement by being selected as a counter clock gate 
signal (prescaler to the counter being driven by 
INTCLK/4), counting being enabled when WDIN is 
at a high level. Trigger and Re-trigger modes cause 
a reload of the timer User preset values (providing 
STSP, WDTCR.7 is active) for a high to low transi- 


Figure 41. Timer/Watchdog Block Diagram 
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tion on WDIN at any time (Re-trigger mode) or 
when the counter is at the end of count (Trigger 
mode). The counter decrements at a rate driven by 
INTCLK/4. 


The WDOUT pin, when set as the Alternate Func- 
tion, is enabled by OUTEN high (WDTCR.0), and 
may either toggle the state of the I/O bit (frequency 
generation, OUTMD = "0", WDTCR.2) or pass the 
state of the WROUT bit to the output allowing PWM 
generation (OUTMD = "1") at the end of count 
(timer value = 0) condition. 


Watchdog Mode 


The timer functions may be disabled, and the Timer 
configured for a Watchdog operation by re-setting 
WDEN (WCR.6) to zero. Once the Watchdog has 
been selected it CANNOT be set back into the 
standard timer mode until the next Hardware Reset 
cycle. The User should set the watchdog timer 
prescaler and timer reload value before enabling 
the Watchdog mode. The Watchdog Timer must 
then be retriggered, causing the reloading of the 
timer value, by the operation of writing of the byte 
sequence OAAh, 055h to the WDTLR register. If 
this is not done before the Watchdog counts to 
zero, the Watchdog Timeout condition occurs. This 
causes a Hardware Reset of the ST9054. The 
Watchdog reset signal is not output on the external 
Reset pin. 


WDTPR WDTRH,WDTRL 
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TIMER/WATCHDOG (Continued) 


Timer/Watchdog Interrupts 


The Timer/Watchdog may provide several levels of 
interrupts selectable by the User. The Timer mode 
offers two interrupt sources, triggered on the timer 
value reaching 0, either a prioritized level (by taking 
the Interrupt priority channel from the External 
Interrupt INTAO) or by a top level, non-maskable 
interrupt (taking the external NMI input channel). 
The interrupt channels are multiplexed from the 
alternative source according to the status of the 
IAOS (EIVR.1) and TLIS (EIVR.2) bits as shown in 
figure 44. Please refer to the ST9 Technical Ma- 
nual for further details on changing the interrupt 
sources of the Timer/Watchdog. When the Watch- 
dog mode is set (WDEN = "0"), the timer value 
equal to 0 event generates a Hardware reset of the 
ST9054. The Timer/Watchdog control registers are 
located within Page 0 of the Paged I/O register 
group. 


Figure 42. Timer/Watchdog in Watchdog Mode 
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Figure 43. Timer/Watchdog Interrupt Sources 
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MULTIFUNCTION TIMER 


The ST9054 includes three identical 16 bit Multi- 
function Timers (MFT) in addition to the 
TIMER/WATCHDOG. The following description ap- 
plies to Timer 0, Timer 1 and Timer 3. 


Each timer is a 16 bit Up/Down counter, driven by 
the output of an 8 bit prescaler which may be driven 
by INTCLK/3 (giving a minimum timing resolution 
of 250ns at INTCLK = 12 MHz) or by an external 
source. This timer is supported by two 16 bit Com- 
parison Registers for generating timed functions 
and two 16 bit Capture/Load Registers for timing 
and variable timebase functions. These features 
coupled with 2 input pins (TxINA and TxINB) and 2 
output pins (TXOUTA and TXOUTB, where x = 0 or 
1), available as Alternate Functions, giving the 
timer 13 operating modes for virtually all required 
timing functions. 


MFT Operating Modes 


The operating modes are selected by the pro- 
gramming of the Timer Control Register (TCR 
Timer x) and the Timer Mode Register (TMR) as 
follows: 


One-Shot Mode. The counter stops at the End Of 
Count Condition (up or down count). 


Continuous Mode. At End Of Count the timer is 
reloaded from a Load Register. 


Figure 44. Multifunction Timer Block Diagram 
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Trigger Mode. A Trigger causes reload from a load 
register only if the Timer is at End of Count. 


RETrigger Mode. A Trigger causes reload from a 
load register at any time. 


Gate Mode. Counting is performed only when the 
external gate input (TxINAor TxINB) is active (logi- 
cal 0). 


Capture Mode. A Trigger causes the timer value 
to be latched into the selected Capture register. 


Up/Down Mode. A Trigger causes a count up or 
down, or a change in counting direction. 


Free-Running Mode. Up or Down counting is per- 
formed to the full range with no action at End of 
Hodes This is used in Bicapture and Capture 
Modes. 


Monitor Mode. One Capture register follows the 
contents of the timer. 


Autoclear Mode. The timer is reset to 0000h or 
FFFFh (up or down count respectively) on a trigger. 
This gives delta time measurement or free running 
with a modulo of less than 21°, 


Biload Mode. The counter is reloaded on an End 
Of Count condition alternately from the two Load 
Registers. (PWM output). 


BiCapture Mode. A Trigger causes the current 
timer value to be transferred alternately to the two 
Capture registers. (Pulse width measurement). 


CAPTURE/LOAD REG 1 


eat 16 BIT U/D COUNTER 
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MULTIFUNCTION TIMER (Continued) 


Parallel Mode. The prescaler output of Timer 0 is 
internally connected to the input of the prescaler of 
Timer 1, if this is then set to 00h (= divide by 1), 
then the two timers may be run in parallel. 


The trigger events may be either caused by soft- 
ware, or an action on the two input pins which may 
be programmed to respond to rising, falling or both 
edges of the input. The input modes are selected 
in the Input Control Register (ICR) as shown in 
Table 11. This includes the Autodiscriminator 
mode, which causes the timer to count up or down 
depending on the phase between the two input 
edges, such as the signals generated by optical 
encoders. 


The two output pins (available as Alternate Func- 
tions) may be programmed through the Output 
Control Registers OACR and OBCR to be modified 
(Set, Reset, Toggle or No Operation) on each of 
Overflow/Underflow (OVF/UNF), Compare on 
CMPO valid (CMO), or Compare on CMP1 
(COMP'1) valid events. This allows repetitive sig- 
nals such as PWM drive to be output with minimum 
CPU overhead. Figure 46 shows some typical 
waveforms available from these signals. 


Figure 45. Example Output Waveforms 


38/73 


514 


Table 11. Input Pin Function Settings 


Input Control 


: TxINA Input TxINB Input 
Register : I 


/O 


VO 


VO Trigger 
Gate /O 
Gate Trigger 

/O Ext.clock 

Trigger @) 
Gate Ext.clock 
Trigger Trigger 
Clock Up Clock Down 
Up/Down Ext.clock 
Trigger Up Trigger Down 
Up/Down /O 
Autodiscr. Autodiscr. 
Trigger Ext.clock 
Ext.clock Trigger 
Trigger Gate 


SET RESET) | 
| 


RESET| a RESET 
| 
SET | | 
| 
TOGGLE 
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MULTIFUNCTION TIMER (Continued) 


The Overflow/Underflow event and the Compare 0 
event may also be programmed to give On-chip 
Event timing signals to trigger other peripheral 
operations on the ST9054. These are as shown in 
Table 12. 


Table 12. ST90R50 On-Chip Event Settings 
MFTO 


| MFTO Handshake Trigger Port 4 
MFT1 Handshake Trigger Port 5 
MFT3 A/D Conversion Trigger 


The TXOUTA and TxINA lines for each timer may 
be connected together internally, by setting of the 
SCx bits of the I/O Connection Register (IOCR). 


The Multifunction Timers are enabled for counting 
by the Counter Enable bit (CEN, TCR.7) of the 
respective timer unit. When CEN is low, both pres- 
caler and timer are halted. CEN is logically ANDed 
with the Global Counter Enable bit (GCEN, 
CICR.7), so that all timers may be started in syn- 
chronism, i.e. when the timers are set into Parallel 
mode, this allows initialization of the Timers before 
triggering at the same instant. 


MFT Interrupts 


Each Multifunction Timer can generate interrupt 
requests from 5 different interrupt sources which 
are grouped into 3 independent groups. The Inter- 
rupt Vector has the source of the interrupt group 
encoded by hardware into the least significant 3 
bits of the vector. This allows the programming of 
the base address to an 8 byte block within the 
interrupt vector area of the Program Space. The 
groups and respective addresses are shown in 
Table 13. 


Table 13. MFT Interrupt Vectors 


= 
em 


Each source may be independently masked, in 
addition all Timer interrupts may be disabled by the 
Global Timer Interrupt enable (GTIEN, IDMR.7) 
control bit. If a Timer interrupt on Compare O or 
Capture 0 does not have its corresponding pending 


ky SGS-THOMSON 


ST9054 


bit reset before the next interrupt, then an overrun 
condition occurs. This condition is flagged in two 
dedicated overrun bits inthe Timer FLAGS register. 


MFT DMA Channels 


Two independent DMA channels are present within 
each MFT, associated to the Compare 0 and Cap- 
ture 0 sources. This allows 16 bit DMAtransactions 
from Register File/Memory to COMPO registers, 
and from CAPT0 registers to Register File/Memory. 
The DMA channels allow the capture of external 
event timings in memory allowing off-line analysis, 
and creating of variable pulse width signal trains, 
as required by the drive of Triacs in certain modes. 


The two interrupt mask sources are independently 
masked by two DMA mask bits, mapped in the 
IDMR register. The End of Block (EOB) procedures 
are as described in the INTERRUPT/DMA section. 


The DMA counter and address pointer registers 
share the most significant User-programmable 6 
bits for both DMA channels (COMP 0 and CAPT 0), 
thus the mapping of the counter and address reg- 
isters use automatic offsets from the base address. 
The actual mapping changes dependent on 
whether the Register File or Memory is addressed 
for the transfer. The offsets are shown in Table 14. 


After the transfer of the complete block of data 
to/from the MFT, the count registers reach the zero 
value and an end of block interrupt occurs so that 
the ST9 may process the new data. In many cases, 
the time taken to reload the data tables and to 


Table 14-1. MFT DMA Address and Counter 
Registers for Memory DMA Transfers 


POINTERS MAP INTO MEMORY 


Register File 

COMP 0 16 bit] yyyyyy 11 (I) 
ADDRESS sce 
POINTER (h) | PRIORITY 


CAPT 0 16 bit| yyyyyy 01 (1) 
ADDRESS : 
POINTER 00 (h) 


INCREA- 


OMP 0 DMA} xxxxxx 11 (I) 
COUNTERS 16 bit 
COUNTER | xx 10 (h) 
APT 0 DMA | xxxxxx 01 (I) 
16 bit 
COUNTER 00 (n) 


USER PROGRAMMABLE 


yyyyyy 
XXXXXX 


39/73 


MICROELECTRONICS 


515 


ST9054 


MULTIFUNCTION TIMER (Continued) 


Table 14-2. MFT DMA Address and Counter 
Registers for Register File DMA Transfers 


POINTERS FOR REGISTER FILE DMA 


8 Bit COUNTER 


8 bit ADDR. 
POINTER 


COMPARE 0 


8 bit COUNTER 
CAPTURE 0 


8 bit ADDR. 
POINTER 


USER PROGRAMMABLE 


re-trigger the DMA action causes speed limitations, 
especially in those applications requiring a continu- 
ous high speed data flow, because of the time 
consumed by the restore routine. An additional 
DMA function, the SWAP mode, overcomes this 


Figure 46. Multifunction Timer Page Maps 
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limitation. This is enabled by the setting of the 
SWEN (IDCR.3) bit. This causes hardware gener- 
ated signals to replace the User address bit 2 of 
both the address and counter pointers. The ad- 
dress and counter registers are thus duplicated at 
an offset of 4 registers. At the End Of Block condi- 
tion, the EOB interrupt is generated to signal the 
end of DMA, and the state of pointer address bit 2 
toggles state automatically and the new address 
and count values are used. Thus the ST9 can safely 
process the previous block of data while the new 
block is being transferred. This will continue until 
the SWAP mode is disabled. 


A software protection scheme is implemented to 
prevent non-updated pointer registers from being 
used if a second EOB interrupt arrives during the 
servicing of the first. This mechanism locks the 
state of the DMA mask bit to prevent further trans- 
fers from taking place. The User should check for 
this condition in the EOB routine to ensure that all 
the DMA transfers are properly serviced. 


The control Registers of each MFT occupy 20 
registers within the I/O paged area. These are 
mapped as shown in figure 47. 


In addition the MFT is able to trigger byte DMA 


transfers in both directions through an I/O port with 
Handshake (see I/O Handshake and DMA). 
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SERIAL PERIPHERAL INTERFACE (SPI) 


The Serial Peripheral Interface (SPI) is integrated 
into the Core module of the ST9 and provides a 
general purpose shift register based peripheral 
allowing synchronous serial VO, with special 
modes allowing compatibility with I-C-bus and IM- 
bus Communication standards in addition to the 
standard serial bus protocol. The SPI uses 3 lines 
comprising Serial Data Out (SDO), Serial Data In 


Figure 47. SPI Functional Diagram 
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(SDI) and the Synchronous Serial Clock (SCK) 
which are available as Alternate Functions of |/O 
pins. Additional I/O pins may act as device selects 
or IM-bus address ident signals. The functional 
diagram of the SPI is shown in figure 48. 


The SPI, when enabled (SPEN, SPICR.7, high), 
receives input data from the ST9 internal data bus 
into the SPIDR, and originates the SCK to shift the 
data serially through SDO (Most Significant bit first) 
to the slave device which responds by sending data 
to the master device via the SDI pin. This implies 
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full duplex transmission with both data-out and 
data-in synchronized with the same clock signal. 
Thus the byte transmitted is replaced by the byte 
received, eliminating the need to separate "Tx 
Empty" and "Rx full” status bits. After the 8 clock 
cycles have been concluded; the received data in 
SPIDR is parallel transferred to the read buffer and 
data becomes available for the ST9054 during the 
next read cycle of SPIDR. The BUSY bit (SPICR.4) 


RETURN TO 
DATA BUS 


a 
I 


DATA BUS 
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is set when transmission is in progress, this allows 
the User to monitor the status of the SPI by polling 
of this bit. 


The SPI can operate only in master mode, i.e. the 
clock is always generated by the ST9054, however 
the SCK polarity and phase can be programmed to 
suit all peripheral requirements (figure 48). This, 
together with the 4 programmable bit rates (divided 
from the INTCLK, table 15), provide the large flex- 
ibility in handling different protocols. 
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SERIAL PERIPHERAL INTERFACE (Continued) 
Figure 48. SPI Data and Clock Timing 
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Table 15. SPI Rate Selection 


Clock SCK Frequency 
SPR1 SPRO (INTCLK = 12MHz) 
1500KHz (T = 0.67118) 


750KHz (T = 1.33ps) 
93.50KHz (T = 10.661s) 


46.87KHz (T = 21.33ps) 


I°C-bus Compatibility 

The SPI includes additional circuitry to enable the 
use of external I?C-bus peripherals. The I?C-bus 
mode is a 2 wire bus while the SPI operates with 3 
wires, however wire-ANDing SDO and SDI gives 
the required signalling, while setting the BMS bit 
causes the enabling of the special I?C-bus fea- 
tures: Clock Slowdown by external devices and 
Arbitration Lost detection. This mode also affects 
the Interrupt sources as shown in the next section. 
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SPI Interrupts 

The SPI, when enabled, uses the INT2 external 
interrupt channel source, using the priority selected 
for INT2 within the External Interrupt Priority regis- 
ters. The INT2 mask bit should be set and INT2 
pending bit reset before enabling the SPI through 
SPEN. The BMS (SPICR.6) and SPEN bits select 
the SPI internal interrupt source as shown in Table 
16 


Table 16. SPI Interrupt Sources 


| SPEN | BMS | Interrupt Source 


0 0 External channel INT2 
0 | 
| X 


SPI Registers 


The two registers controlling the SPI are located in 
I/O page 0, the Data Register, SPIDR, at R253 and 
the control register, SPICR, at R254. 


S-BUS/I°C start or stop condition 


End of one byte transmission 
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SERIAL COMMUNICATIONS INTERFACE 


Function 


The two Serial Communications Interfaces (SCls) 
of the ST9054 offers a means of full-duplex serial 
data transfer to a wide range of external equipment. 
Each has a fully programmable character format 
control for asynchronous and byte synchronous 
serial I/O, an integral Baud Rate Generator, giving 
a maximum baud rate of 375K Baud in Asynchron- 
ous mode (Internal Clock), and two DMA channels 
- for transparent transmission and reception of char- 
acters. Supportis also presentin hardware for Line 
Break Detection and generation, character search, 
network interfacing with 9th bit Address logic, and 
Local Loop Back and Auto echo modes for Self- 
Test. The control registers for an SCI exist within 
one I/O page within the I/O page group. 


Figure 50. SCI Functional Block Diagram 
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Character Formats 


When used for asynchronous character trans- 
mission and reception, the character format may 
be changed (through the Character Control Regis- 
ter CHCR) to suit external equipment require- 
ments. This is summarized in figure 51. 


The baud rate clock for asynchronous mode should 
be set to the +16 Mode and the frequency of the 
Clock input (from an external source or the internal 
baud-rate generator output) set to suit this. 


This format control is also available for the byte 
synchronous mode (Clock divider set to +1), when 
the data and clock are output in synchronism, the 
data being sampled once per clock period (Figure 
52). For a second synchronous mode, CLKOUT is 
activated only for the data section of the word 
(Figure 53) on serial data output, and input data is 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


latched on the rising edge of the external syn- 
chronised clock input on the RXCLK pin. This 
mode may be used to access external synchronous 
peripherals. 


The Address bit/D9 is optional and may be added 
to any word format, it is commonly used in network 
or machine control applications. When enabled 
(AB, CHCR.4 = "i"), an address or ninth data bit 
can be added to a transmitted word by setting the 
set Address bit (SA, IDPR.5). This is then ap- 
pended to the next word entered into the (empty) 
Transmitter Buffer Register and then cleared by 
hardware. On character input an Address Bit set 
can indicate that the data preceding the bit is an 


Figure 51. SCI Character Format 


Figure 52. Byte Synchronous Output 
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address which may be compared in hardware with 
the value in the Address Compare Register (ACR) 
to generate an Address Match interrupt when 
equal. 


The Address bit and Address Comparison Register 
can also be combined to generate an Address 
Interrupt in 4 modes to suit different protocols, 
based upon the status of the Address Mode Enable 
bit (AMEN, IDPR.7) and the Address Mode bit (AM, 
CHCR.7) as shown in Table 17. 


The character match Address Interrupt mode may 
be used as a powerful character search mode, ° 
giving an interrupt on reception of a predetermined 
character e.g. Carriage Return or End of Block 
codes. 


STOP 


Figure 53. Serial Expansion Mode 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


Table 17. Address Interrupt Modes 


lf 9th Data Bit = 1 


If Character Match 
lf Character Match and 9th Data Bit = 1 


If Character Match on Word Immediately Following 
Break 


The Line Break condition is fully supported for both 
transmission and detection. Line Break is sent by 
setting the SET_BREAK bit (SB, IDPR.6). This 
causes the transmitter output to be held low (after 
all buffered data has been transmitted) for a mini- 
mum of one complete word length and until the SB 
bit is Reset. 


SCI Interrupts 


Each SCI is able to generate interrupts from 
multiple sources. Receive interrupts include data 


Figure 54. SCI Interrupt Typical Usage 
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pending, receive errors (overrun, framing and 
parity), address or break pending and transmit 
interrupts are software selectable for either the 
Transmit Holding Register Empty (HSN, IMR.7 = 
"{") or for the Transmit Shift Register Empty (HSN 
= "0"). Interrupt sources are indicated by the Inter- 
rupt pending bits, shown in Table 18. These bits 
should be reset by the User during the Interrupt 
Service routine. 


Table 18. SCI Interrupt Vector 


Vector 
Interrupt Source 


Transmitter Buffer or Shift 
Register Empty/Transmit DMA 
end of Block 


Received Read/ Receive DMA 
spar Detector Address Word 


ADDRESS 


NO MATCH 


DATA DATA BREAK 
INTERRUPT INTERRUPT 


ADDRESS ADDRESS 


MATCH 


ADDRESS DATA DATA 
INTERRUPT INTERRUPT 


CHARACTER SEARCH MODE 


INTERRUPT 


NO MATCH 


DATA 


INTERRUPT 


DATA DATA 


DATA DATA CHAR DATA 
INTERRUPT INTERRUPT MATCH 
INTERRUPT 


D9 ACTING AS DATA CONTROL WITH SEPARATE INTERRUPT 


DATA J O9=1 DATA DATA J DATA __) 


DATA DATA D9=1 DATA 


INTERRUPT INTERRUPT INTERRUPT 
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SERIAL COMMUNICATION INTERFACE 
(Continued) 


When DMA is active the Receive Data Pending bit 
(RXDP, ISR.2), and the Transmit status bit interrupt 
sources are replaced by the DMA End Of Block 
Interrupt sources for transmit and receive, respec- 
tively. 

Typical Usage of the Interrupts provided by the SCI 
are show in figure 54. 


The SCI interrupts have an internal priority struc- 
ture (Table 19) in order to resolve simultaneous 
events. 
Table 19. SCI Interrupt Internal Priority 

Receive DMA Request Highest Priority 


Transmit DMA Request 


Receive Interrupt 


Transmit Interrupt Lowest Priority 


The four major levels of interrupt are encoded in 
hardware to provide two bits of the interrupt vector 
register, allowing the position of the block of pointer 
vectors to be resolved to a block size of 8 bytes. 


SCI DMA 


Two DMA channels are associated with each SCI, 
for transmit and for receive. These follow the reg- 
ister scheme as described in the DMA Section. It 
should be noted that, after initializing the DMA 
counter and pointer registers and enabling DMA, 
data transmission is triggered by a character writ- 
ten into the Transmit Holding register. The DMA 
End Of Block Interrupts generated on completion 
of the DMA transfer take the place of the normal 
transmit and receive character interrupt vectors. 


SCi Clock Generation 


The communication bit frequency of the SCI trans- 
mitter and receiver sections can be provided from 
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the integral Baud Rate Generator (allowing a maxi- 
mum asynchronous bit rate of 350k Baud) or from 
external sources (maximum bit rate 175k Baud). 
This clock is divided by 16 for asynchronous mode 
(CD, CCR.3, ="0"), or divided by 1 for synchronous 
modes (CD = "1"). 


External Clock Sources. 


The External Clock input pin TXCLK may be pro- 
grammed in Alternate function by bits TXCLK 
(CCR.7) and OCLK (CCR.6) to be: the transmit 
Clock input (respecting the +16 and +1 timing re- 
quirements), to act as the output of the Baud Rate 
Generator (allowing an external divider circuit to 
provide the receive clock for split rate transmit and 
receive e.g. 1200/75 baud), or to be CLKOUT, the 
clock output for the synchronous mode. Receive 
clock input via RXCLK Alternate function is enabled 
by the XRX bit CCR.5, this input should be set 
according to the setting of the CD bit. 


Baud Rate Generator. 


The integral Baud Rate Generator is a 16 bit divide 
by n circuit of the Internal Clock INTCLK. Thus 
INTCLK should be chosen to provide a suitable 
frequency for division by the Baud Rate Generator 
to give the required transmit and receive bit rates. 
Suitable INTCLK frequencies and the divider 
values for standard Baud rates are shown in Table 


The act of writing to either of the two registers 
comprising the 16 bit divider causes a reset of the 
SCI, allowing initialization of the SCI settings before 
the writing of the other Baud Rate Generator reg- 
ister. 


Self Test 


Testing of the communications channel may be 
performed using the facilities of the SCI. Auto Echo 
mode (SCI SOUT disconnected, SIN pin internally 
connected to SOUT pin) and Loopback mode (SCI 
transmitter and receiver sections disconnected 
from SOUT and SIN pins and directly connected 
internally) may be used individually or together. 
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SERIAL COMMUNICATION INTERFACE (Continued) 


Table 20. SCI Baud Rate Generator Divider Values 


INTCLK: 7680.000 KHz 


Baud Rate |Clock Factor|Desired Freq 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


Baud Rate | Clock Factor |Desired Freq 


0.80000 
1.20000 
1.76000 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


ky 
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Actual Baud | Actual Freq 


0.80000 
1.20000 
1.75985 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
590.76923 
1280.00000 


0.80000 
1.20000 
1.75990 
4.80000 
9.60000 
19.20000 
38.40000 
76.80000 
153.60000 
307.20000 
614.40000 
1228.80000 


ST9054 


Deviation 


0.0000% 
0.0000% 
0.0083% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
3.8462% 
4.1667% 


0.0000% 
0.0000% 
0.0058% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 
0.0000% 


47/73 


523 


ST9054 


ANALOG TO DIGITAL CONVERTER 


The ST9054 Analog to Digital Converter (A/D) is 
comprised of an 8 channel multiplexed input selec- 
tor and a Successive Approximation converter. The 
conversion time is a function of the INTCLK fre- 
quency; for the maximum 12MHz clock rate, con- 
version of the selected channel requires 11s. This 
time also includes the 3us of the integral Sample 
and Hold circuitry, which minimizes need for exter- 
nal components. The resolution of the converted 
channelis 8 bits +1/2 LSB between the Analog Vss 
and Vpp references which occupy two pins of the 
ST9054 (AVss and AVpp respectively). This allows 
the full 256 bit resolution to apply over a reduced 
input range such as provided by various sensors 


Figure 55. A/D Block Diagram 


and allows the best supply noise rejection. The 
input Analog channel is selected by using the Alter- 
nate Function setting as shown in the I/O ports 
section. The I/O bit structure of the port connected 
to the A/D converter (Port 4) is modified as shown 
in figure 56 to prevent the Analog voltage present 
at the I/O pin from causing high power dissipation 
across the input buffer. Un-selected analog chan- 
nels should also be maintained in the Alternate 
function mode for this reason. A Power Down mode 
is available for applications which require low 
power dissipation, this is selected by setting to zero 
the POW bit (CLR.2) which turns off all Analog 
functions within the A/D converter. 


INT. VECTOR POINTER 


INTERREET UNE INT. CONTROL REGISTER 
COMPARE RESULT REGISTER 
THRESHOLD REGISTER 7U 
COMPARE LOGIC THRESHOLD REGISTER 7L 


INTERNAL 


TRIGGER 
CONTROL 


THRESHOLD REGISTER 6U 
THRESHOLD REGISTER  6L 


CONVERSION 


ciate 


ANALOG 
MUX 
DATA REGISTER 1 SUCCESSIVE APPROXIMATION 
DATA REGISTER 0O A/D CONVERTER 


EXTERNAL RESULT 


TRIGGER 


CONTROL REGISTER C AUTOSCAN LOGIC 


VA00223 
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ANALOG TO DIGITAL CONVERTER (Continued) 
Figure 56. A/D Input Configuration Status 


1/0 PIN 
O 
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A/D CONVERTER 


GND 
TRISTATE 


INPUT 
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© O O 
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Figure 57. A/D Trigger Sources 
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A/D TRIGGER 


ee 
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Conversion 


Each of the input Analog channels (AINO-7) can be 
converted singly or continuously. In single mode 
(CONT, CLR.1, ="0") conversions are triggered by 
setting the Start/Stop bit ST (CLR.0), this is reset 
by hardware at the end of a group of conversions 
and conversion stops. The Autoscan mode (CONT 
= "{") converts each input channel in sequence, 
starting from the channel number selected in the 
Start Conversion Address (SC1 -3) bits and increas- 
ing to channel 7 (AIN7), repeating so that the data 
registers will be maintained with the latest con- 
verted result. Conversion start is triggered by inter- 
nal or external events. An external trigger (enabled 
by EXTG, CLR.4, = "1") is caused by a pulse on the 
ADTRG pin available as an Input Alternate Func- 
tion. This should have a minimum length of 80 nS 
and of a period greater than the conversion time. 
The Internal trigger is enabled by setting INTG, 
CLR.3, to "1" (this is ORed with EXTG to prevent 
hardware conflicts, but the correct procedure is to 
enable only one source at a time), in this case 
triggering is either by setting the ST bit by software 
or by enabling the ON-CHIP EVENT signal from the 
TIMER module. 


START GROUP 
OF CONVERSIONS 
CONTINUOUS OR 
SINGLE MODE 


VA00416 
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ANALOG DIGITAL CONVERTER (Continued) 


The resulting data from the converted Analog chan- 
nel AINx is stored in the appropriate Data Register 
DxR. Two channels AIN6 and AIN7 have a special 
feature known as the Analog Watchdog, by the use 
of two Threshold Registers for each channel. The 
Upper, (UT6R, UT7R), and lower, (LT6R, LT7R), 
registers contain User preset values. These values 
are automatically compared to the value in the Data 
Registers D6R and D7R following each new con- 
version. If the resulting data is less than the corre- 
sponding Lower Threshold Register, or higher than 
the contents of the corresponding Upper Threshold 
Register, then an interrupt may be generated. This 
hardware feature minimizes analog monitoring 
overhead and is particularly useful in motor control 
applications as shown in figure 58. 


A/D Interrupts 


The ST9054 A/D converter provides two interrupt 
sources, End of Conversion and an Analog Watch- 
dog Request. The interrupt vector register (IVR) 
provides 1 bit automatically generated in hardware 
to follow the interrupt source, allowing the User to 
select the base address of a four byte area of the 
interrupt vector table in which to store the A/D 
Interrupt Service Routines. The Analog Watchdog 
Request requires the User to poll within the Com- 
pare Result Register (CRR) to determine which of 
the four thresholds has been exceeded, the thre- 
shold status bits should be reset by software in the 
service routine. The interrupt pending flags, ECV 
(End of Conversion, ICR.7) and AWD (Analog 
Watchdog, ICR.6) should also be reset by the User 
in the Interrupt service routine before the return. 


The ST9054 Analog to Digital converter occupies 
I/O page 63 (Group F). 


Figure 58. Analog Watchdog Used in Motor Speed Control 
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SOFTWARE DESCRIPTION 


Addressing Modes 


The ST9054 offers a wide variety of addressing 
modes and combinations to facilitate full and rapid 
access to the address spaces while reducing pro- 
gram length. Register addressing (using the work- 
ing register group mechanism or directly 
addressed) can be used as 8 or 16 bit values for 
data or indirect addressing into the memory spaces 
or the Register File. The selection between Pro- 
gram Memory and Data Memory is performed 
through the DP bit in the FLAG Register, all sub- 
sequent actions on the memory space will affect 
the selected map only, apart from the memory map 


Table 21. Addressing Mode 


Register Direct 

Register Indirect 

Register Indexed 

Memory Direct 

Memory Indirect 

Memory Indirect with Post-Increment 
Memory Indirect with Pre-Decrement 


Memory Indexed with Immediate Short 
Offset 


Memory Indexed with Immediate Long 
Offset 


Memory Indexed with Register Offset 


Memory Indirect Post-Increment to 
Indirect Register Post-Increment 


Memory Map to Memory Map both with 
Post-Increment 


Bit Address 


Legend: 
N =8 bit Value 
NN = 16 bit Value or Address 

= Working Register 

= Directly Addressed Register 
) = Indirect Addressing 
)+ = Indirect with Post-Increment 
(_) =Indirect with Pre-Decrement 
.b = Bit Number (0 to 7) 


Upc es 0 iia: 
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to memory map post-increment addressing mode 
which allows the map to be specified as part of the 
instruction for both destination and source oper- 
ands. Apart from the immediate data and condition 
codes all operands are expressed as register file 
or memory addresses. 


The available addressing modes, with the ST9 
macro-assembler notation, are in Table 21. 


Combinations Of Available Addressing Modes 


Table 22 describes the addressing modes available 
for the register file and the memory (both as a 
destination and as a source) for the two operand 
arithmetic, logic or load instructions. 


Table 22. Addressing Mode Permutation for 
Instructions | 


Two Operand Arithmetic and Logic Instructions 


[—tesnaton [Sauce 


Register Direct Register Direct 


Register Direct Register Indirect 


Register Direct Memory Indirect 


Register Direct Memory Indexed 


Register Direct Memory Indirect with 
Post- Increment 
Register Direct Memory Indirect with 
Pre- Decrement 


Register Direct 

Register Indirect 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Ky7 Betomeoowe 


Memory Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 
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SOFTWARE DESCRIPTION (Continued) 
Table 22. Addressing Mode Permutation for 


Instructions (Continued) 


Two Operand Load Instructions 


Register Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 
Register Direct 


Register Direct 
Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 


Register Direct 

Register Indirect 
Register Indexed 
Memory Indirect 
Memory Indexed 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Pre- Decrement 


Memory Direct 
Register Direct 
Register Direct 
Register Direct 
Register Direct 


Register Direct 


Register Direct 


Register Direct 


Two Operand Arithmetic and Logic Instructions 
[—esnaion [Soros 


Register Direct 
Memory Direct 


Memory Indirect 


Immediate 
Immediate 


Immediate 


Two Operand Load Instructions 
[Pesinaton [Saree 


Register Direct 
Memory Direct 


Memory Indirect 


Long Indexed Memory (1) 
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Immediate 
Immediate 
Immediate 


Immediate 


Table 22. Addressing Mode Permutation for 
Instructions (Continued) 


Two Operand Arithmetic, Logic & Load Instructions 


—pestnaton [Sores 
Memory Indirect Memory Indirect 


Two Operand Load Instructions 


—Peainaton [Source 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Register Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Memory Indirect with 
Post- Increment 


Notes: 
1. Load Word only 
2. Load Byte only 


Instruction Set 


The ST9054 instruction set consists of 87 instruc- 
tion types functionally divided into eight groups as 
in Table 23, they are: 


— Load (two operands) 

— Arithmetic & Logic (two operands) 

— Arithmetic Logic and Shift (one operand) 
— Stack (one operand) 

— Multiply & Divide (two operands) 

— Boolean (one or two operands) 

— Program Control (zero to three operands) 
— Miscellaneous (zero to two operands) 


The wide range of instructions facilitates the full use 
of the register file and address spaces, reducing 
execution times, while the register pointers mech- 
anism allows an unmatched code efficiency and 
ultrafast context switching. A particularly notable 
feature is the comprehensive "Any Bit, Any Regis- 
ter" (ABAR) addressing capability of the Boolean 
instructions. 


The ST9054 can operate with a wide range of data 
lengths from single bit, 4-bit nibbles which can be 
in the form of Binary Coded Decimal (BCD) digits, 
8-bit bytes and 16-bit words. The summary on 
Table 23 shows the instructions belonging to each 
group and the number of operands required for 
each. The source operand is "src", "dst" is the 
destination operand, and "cc" is the condition code 
selection. 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary 


Load Instructions (Two Operands) 


Operand | Flags 
e|z|s|v[o}q 
LD dst, src Load 
LDW dst, src Load Word 


. Arithmetic and Logic (Two Operands) ; 


[iene [_opeone [marion | 


a ele. 
ADD dst, src Add 
ADDW dst, src Add Word 
ADC dst, src Add with Carry 
ADCW dst, src Add Word with Carry 
SUB dst, src Subtract 1 
SUBW dst, src Subtract Word ? 
SBC dst, src Subtract with Carry - 
SBCW dst, src Subtract Word with Carry ? 
AND dst, src Logical AND -|- 
ANDW dst, src Logical Word AND ? | ? 
OR dst, src Logical OR 
ORW dst, src Logical Word OR 
XOR dst, src Logical Exclusive OR A 
XORW dst, src Logical Word Exclusive OR A 
CP dst, src Compare 
CPW dst, src Compare Word 
TM dst, src Test Under Mask 
TMW dst, src Test Word Under Mask 
TCM dst, src Test Complement Under Mask 
TCMW dst, src Test Word Complement Under Mask 


Bio Ried dot 


Legend : 

0 = Bit set to zero 

1 = Bit set to one 

A =Bit affected 

? = Bit status undefined 
—  =Bit not affected 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Arithmetic Logic and Shift (One Operand) 


e(z[s(v[p| 
dst Increment 
dst Increment Word 
DEC dst Decrement 
DECW dst Decrement Word 
SLA dst Shift Left Arithmetic 
SLAW dst Shift Word Left Arithmetic 
”) 
9 


dst Shift Right Arithmetic 

dst Shift Word Right Arithmetic 

dst Rotate Right through Carry 

dst Rotate Word Right through Carry ‘ 
Rotate Left through Carry 
Rotate Word Left through Carry 
Rotate Right a | 


| j 
rm 
me) 


[conan 
a 


DA Decimal Adjust 


Stack Instructions (One Operand) 


CPL 


PUSH Push on System Stack 
PUSHW Push Word on System Stack 
PEA Push Effective Address on System Stack 


POP 
POPW 


Push on User Stack 
Push Word on User Stack 
Push Effective Address on User Stack 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Multiply and Divide Instructions (Two Operands) 


cove oo |e epee 


a BOooon 
DIV Divide 16/8 
DIVWS Divide Word Stepped 32/16 Seace NIT 


Boolean Instructions (Two Operands) 


| Flags | 
=“ fete [ofe 


fae ewes fae I 
eee eg 
ew fae EEE 
feonfawse [ereeawon == E-I- 


aa — ee 


ee EEE E= 
fame EE 
[acai 
freer [aeaesse e 


Program Control Instructions (Three Operands) 


CEA ER CEs 
Compare and Jump on False, 
Compare and Jump on True, 


89) 
.o2) 
m7 
—| 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Program Control Instructions (Two Operands) 


fee a ae 
ieee tite 


BTJF Bit Test and Jump if False 
BIJT | Bit Test and Jump if True 


DJNZ om a Working Register and Jump if Not -|-|-|-|-|-, 
ero 
DWJNZ Decrement a Register Pair and Jump if Not Zero |= | = 


Program Control Instructions (One Operand) 


— a. 
wre te eee) 


Ec 
nat |ometcwtinee =|] =| [|= 
[at [entinsaoe 
feat fo [venti df L-I-L- 


Program Control Instructions (No Operand) 


— a. ae 
CEC 


a ee -EEEEE 
IRET Fo Return from Interrupt gy 


Stop Program Execution and Wait Next Enabled In- 

WEI terrupt. Ifa DMA request is present the CPU ex- 
ecutes the DMA service routine and returns to WF| 
state. 


HALT fo Stop Program Execution until RESET p=] = 
Miscellaneous (Two Operands) 


operand ae 
= 


gogoc 
— -EEEEE 


U 


cf | 
me) 
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SOFTWARE DESCRIPTION (Continued) 


Table 23. Instruction Set Summary (Continued) 


Processor Flags 


An important aspect of any single chip microcon- 
troller is the ability to test data and make the 
appropriate action based on the results. In order to 
provide this facility, register 231 in the Register File 
is used as a Flag Register. Six bits of this register 
are used as the following flags: 


C - Carry 
Z- Zero 

S - Sign 

V - Overflow 


ky SGS-THOMSON 


Miscellaneous (One Operand) 


== fate 
GO 
[sme [oe | sta Pana ovomnoraaws [| - |[-| — 

[eo [ow | stop ronero 8 orareasee. [=| |-|=|- [= 
[sei [oe | stop Poner 688 etna renses) [-|~|-|=[— [= 
fer foe asrewrme =| =|] =F 
fer fee ames LE 


Miscellaneous (No Operand) 
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D - Decimal Adjust 
H - Half Carry 


One of the two remaining bits in the flag register is 
available to the user (bit 1, F1). Bit 0 is the Pro- 
gram/Data Memory selector bit and is operated on 
directly by the hardware within the ST9054. The 
P/D pin will follow the status of this bit. 


Condition Codes. Flags C, Z, S, and V control the 
operation of the "conditional" Jump instructions. 
Table 24 shows the condition codes and the flag 
settings affecting the jump. 
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SOFTWARE DESCRIPTION (Continued) 


Table 24. Condition Codes Summary 


Mnemonic : 
F 


S=0 


y= 


=1 
Unsigned Greater Than (C =O and Z=0) =1 


POWERFUL DEVELOPMENT ENVIRONMENT ARST9 Library Archiver. 


ST9 Software Tools SIMST9 Software Simulator with realtime emula- 


tion executor 
The following Software Tools are available for MS- 


: : : : ST9054 Hardware Emulator. Realtime emulation 
aoe sa anions Opesalnd sy elGms: of the ST9054 in all packaging options is performed 
AST9 high-level macro assembler with predefi- —_ by a modular emulation system, interfaced to the 

nited macro instructions (IF/ELSE, host computer through an RS232 channel, whit 
WHILE, DO, LOOP, SWITCH, BREAK, powerful hardware breakpoints, on-line assem- 
PROCEDURE, RESTURN). bler/disassembler, emulation and trace memory. 
LST9 Incremental Linker/Loader. The emulator is fully supported by a simbolic on- 


line debugger and help facility. 
CST9 Optimised C-Compiler (ANSI STANDARD). 
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ABSOLUTE MAXIMUM RATINGS 


a 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
functional operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
device reliability. 


RECOMMENDED OPERATING CONDITIONS 


Symbol Parameter 


| Operating Temperature Temperature So 
ae cele Se a 
[sce | Enoraloncttrregerey ||| 
[tees_[ hioraOntaorFaurey ——SSYSS*dC 


DC ELECTRICAL CHARACTERISTICS 
(Vop = 5V + 10% Ta = — 40 °C to + 85°C, unless otherwise specified) 


Input High Level 


Test Conditions 


Input Low Level 


ewes 

Cd 
PN 
OO 
[ir fasinates Peel fT 


Ales Pull or fel ah Drain, 
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DC ELECTRICAL CHARACTERISTICS (continued) 


Weak Pull-up Current Tena nal Weak Pull-up, 
Active Pull-up Current, — 200 — 420 
ILKRS Reset Pin Input Leakage OV < Vin < Vop 


: Alternate Function, 
Iucap | A/D Pin Input Leakage Open Drain, OV < Vin < Vop 


ILKAP 


ILKos 


Run Mode Current 


Run Mode Current 
Prescale by 2 


IWF! WFI Mode Current 


IHALT HALT Mode Current 24MHz, Note 1 


e: 
1. All VO Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square wave 
external clock. No peripheral working. External interface not active (Internal Program Execution). 


Oo 
—~ 


DC TEST CONDITIONS 


‘TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = -0.8mA 
PUSH-PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT = 0 


WEAK PUSH-PULL OUTPUT 
TEST CONDITION 


"0" SINK CURRENT = 1.5mA 


VA00117 


60/73 : 
AY BBobomoncs 


536 


ST9054 


AC ELECTRICAL CHARACTERISTICS 


CLOCK TIMING TABLE 
(Vpp = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified 


) 


{ 
ee a 
= TrC, TIC OSCIN Rise and Fall Time 


| 12 | 
as: TwCL, TwCH OSCIN Low and High Width 


Notes: 
13 Clock divided by 2 internally (MODER.DIV2=1) 
2. Clock not divided by 2 internally (MODER.DIV2=0) 


i 
ié) 


CLOCK TIMING 


Vi =0.8V op 


Vit =0.2V OD 


VA00116 
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EXTERNAL BUS TIMING TABLE 
(Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 12MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not Divided 
By 2 By 2 
) jas 


Address Set-up Time = a 
1 |TsA (AS) before AS T TpC (2P+1) -22 TWCH+PTpC —18 20 a 


a 
—_ 
> 
~ 


pactess Hold Time after AS TpC -17 TwCL -13 
( 


A 

3 |TdAS (D AS T to Data Available (read) |TpC (4P+2W+4) -52 |TpC (2P+W+2) -51 
A 
( 


=o 


AS Low Pulse Width TpC (2P+1) -7 TwCH+PTpC -3 


S| 


he) ro) ar re) hm | Pl] oo Nom oo we) 
a_i, 
N are 


( 
dAz (DS) {Address Float to DS J Qo 


— 


TwosR [DS Low Pulse Width (read) |TpC (4P12W+3)—20 | TWUr+ TPG (2P+W+1) 


=| 


7 DS Low Pulse Width (write) |[TpC (2P+2W+2)-13 |TpC (P+W+1) -13 


(read) 


—| 


) 

hDR(DS) |DatatoDSTHoldTime(read)}O 
0 |TdDS (A) DS T to Address Active Delay |TpC —7 TwCL -3 
TdDS (AS) |DS T to AS J Delay TpC -18 TwCL -14 


Delay (wit aa toDS J TwCH+PTpC -28 


17 |TdAs (DS) |AST to DS J Delay TpC -18 TwCL -14 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


ont, 


1 


— 


R) 
) 
TADSR (DR) |PS J to Data Valid Delay TpC (4P+2W-3) 50 TwOH+TpO(2P+W+1) = 
) 
S) 


12 
13 
14 
15 
16 


Legend: TpC =OSCIN Period 
P _=Clock Prescaling Value TwCH = High Level OSCIN half period 
W_ = Wait Cycles TwCL = Low Level OSCIN half period 


EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 


INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 
Value (Note) 
Symbol Parameter OSCIN Divided | OSCIN Not 
By 2 Divided By 2 


| 1 |TdAS (WAIT) JAS T to WAIT J Delay 2(P+1)TpC-29 |(P+1)TpC-29 | | 
TdAS (WAIT) |AS T to WAIT T Minimum Delay |2(P+W+1)TpC -4 |(P+Ws1)TpC-4 | 80 | 


1 
TdAS (WAIT) [AS T to WAIT T Maximum Delay a +W+1)TPC— |p, wa1)TpC 29 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


< 
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EXTERNAL BUS TIMING 


CPUCLK 


| CX 


PORTO 


———— 


VA00447 


EXTERNAL WAIT TIMING 


CPUCLK 


VAO0115 
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BANK SWITCH, AC-TIMING 


MACHINE CYCLE 


CPUCLK 


VRO01407 


| Value | 


oe tBAS Bank switch from AS [Bank switch from AS High tolowtransition to low transition 
ee (ae Bank switch rising edge from AS High to Low transition nn ee 


| 
a 
— 


Notes : 
1 Page 0 R255.BS=0 
2  Paged R255.BS=0 
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R/W MODIFIED FROM DS DELAY 


MACHINE CYCLE 


CPUCLK 


Modified R/W 


VRO01408 


ewe ow 


As... ne ae oS 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, 
Cload = 50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Symbol Parameter OSCIN Not Divided on 
By 2 By2 

360 | ns | 

ns | 


a eee aes TpC+8 TwCL+12 

1 |TdBR(BACK) |BREQJ to BUSACK 1 50 
TpC(6P+2W+7)+65 |TpC(3P+W+3)+TwCL+65 dl 

| 2 |TdBR (BACK) |BREQT to BUSACKT |3TpC+60 TpC+TwCL+60 it a 185 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREQ 


BUSACK 


MEMINT 


VA00114 


Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter sata ae OSCIN By aii 


RDRDY, WRRDY Pulse Paine Tp 

1 |{TwRDY {Width in One Line (PAW+1)—18 (Paws) = 65 
Handshake 

eed 
RDSTB, or WRSTB T 
Port Data to RDRDY , ae ieee 
Port Data to WRRDY J Set- 

5 |TsPD (RDY) |up Time in One Line 43 43 43 
Handshake 
) [Port Data to WRRDY J Hold 

aco St |Stupting ee ee 


RDSTBD T to Port Data 
TdSTB (PD) |Delay Time in Bidirectional 
Handshake 
io \TaSTB RDSTB T to Port High-Z 
(PH2) 


Delay Time in Bidirectional 
Handshake 

Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 

prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 

zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252.2.1.0/5,4,3) + External Wait Cycles 
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HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 


VA00113 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, 
INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter ee 


[eth [ewciinnan Pane wan nrg BapeNeas [Ae | Twowie [|_| we 
2 [via Leet rma Pus Wain sg ap aw | trove [Trove [os | | ro 
[a [vee ee rinon Pe wan Far apenas [apovt@ | TwOHre | |__| we 
[a fntF [low te tinan Pa ain Fan apes [ trove [Trove [| | ro 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 


VA00112 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK =12MHz, 
Output Alternate Function set as Push-pull) 


Parameter 


TwWDOL_ | WDOUT Low Pulse Width 
TwWDOH | WDOUT High Pulse Width 
TwWDIL WDIN Low Pulse Width 


4 TWWDIH_ | WDIN High Pulse Width 


WATCHDOG TIMING 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTOLK = 12MHz, Output 
Alternate Function a as Push-pull) 


ee <r 
Fre) resin [a seem] | 
i 
[4 Frio Joaratasrsstine fe 
Sn 
= fraser |aociinruowan [mo] 


Note: 1. TpC is the Clock period. 


SPI TIMING 


VA00109 
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PACKAGE MECHANICAL DATA 
Figure 57. 84-Lead Plastic Leaded Chip Carrier 


— 
co 


=e 
4 
roa 
Ea 


ORDERING INFORMATION 


ST9054C6/XX 24MHz -40°C to +85°C PLCC84 
ST905401/XX 24MHz 0°C to 70°C PLCC84 


Note : "XX" is the ROM code identifier that is allocated by SGS-THOMSON after receipt of all required options and the related ROM file. 
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ST9054 OPTION LIST 


Please copy this page (enlarge if possible) and complete ALL sections. Send the form, with the ROM code 
image required, to your local SGS-THOMSON sales office. 


Customer Company : [seat ete Caen teat Git wea ee aaah hd Melon oe bas ] 

Company Address : [sats ang and actuate oa teeta nko ea ae eviae aaa ue a aotae nas eee ] 
scseadh hat Games DR haaypawsn oud Aeee hea s ose han ena Eee ] 

Telephone : [ile acl ea encesmetatan uate ] 

FAX: oes auseme amass saceeesaenes ] 

Contact : [esta lsatp mlene tote aia Qockaa ee es. | Telephone (Direct): [Looe ee eee cece eee eee ] 


Please confirm device required : 
Temperature Range [ ] (t) 
Special Marking [ ] (y/n) 11 characters [Tl |] } } dy} dd bd 2 (N) 


Notes : 


(t) 1 =0 to +70°C, 6 =-40 to 485°C 
(N) Available : ASCII 020h - O5Fh 


Please consult your local SGS-THOMSON sales office for other marking details 


ROMLESS OPTION (consult text) 


[ ] YES [ ] NO 
If yes, identify required pin (Port.bit) 
[ ]  P3.7 [ ] P20 
Code : [ ] EPROM (27256) 
[ ] HEX format files on IBM-PC® compatible disk 
filename: [...................05- ] 
Confirmation : [ ] Code checked with EPROM device in application 
Yearly Quantity forecast : Dic cece teats ety teehee docame abana eter ] k units 
- for a period of : lie iAses asians Rahm dene aac tne ] years 
Preferred Production start dates : [easel tM lesa tated De tad ] (YY/MM/DD) 
Customer Signature : eee ee rn eee eer ce meen re: ] 
Date : [is sacy sberatanas tateenne paren weeras eee ] 
73/73 
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32K EPROM HCMOS MCUs WITH BANKSWITCH 


a Single chip microcontroller with 32K bytes of 
EPROM, 1,280 bytes of static RAM and 256 
bytes of register file with 224 general purpose 
registers available as RAM, accumulators or 
index pointers. 


Bank-Switch logic allowing a maximum address- 
ing capability of 8M bytes in both program and 
data spaces (16M byte total). 


= 8/16 bit CORE with full feature DMA controller, a 
powenu interrupt handler and a Standard Seyial 
eripheral Interface (SPI) handling S-bus, I*C- 
bus, IM-bus and Standard Serial 
terfaces. 


= Up to 8 external interrupts edge-selectable plus 
1 non-maskable interrupt. 


= 16 bit programmable Timer with 8 bit Prescaler, 
able to be used as a Watchdog Timer for system 
integrity. 


Three 16 bit Multifunction Timer modules, each 
with an 8 bit prescaler and 13 operating modes, 
allowing simple use for complex waveform 
generation and measurement, PWM functions 
and many other system timing operations. 


8 channel Analog to Digital Converter, with inte- 
gral sample and hold, fast 1ips conversion time, 
8 bit +1/2 LSB resolution with Analog Watchdog 
on two channels. 


Two full function Serial Communications Inter- 
faces with 110 to 375000 baud rate generator, 
asynchronous and byte synchronous capability 


Figure 1. ST90E54 Block Diagram 


A 3 x 16-BiT 
/0 TIMER 
ONVERTER WTH DMA 


eripheral In- 


1/0 
PORT O 


May 1991 


This is advance information on a new product in development or undergoing evaluation. Details are subject to change without notice. 


2x SCI 256 BYTES 32K BYTES 
WITH DMA REGISTER FILE EPROM RAM 
ai cece 


AND A/D CONVERTER 


ADVANCE DATA 


CLCC84-W PLCC84 


(Ordering Information at the end of the datasheet) 


(fully programmable format) and address/wake- 
up bit option. 

= On-chip DMA channels associated to the Multi- 
function Timers and the Serial Communications 
Interface. 


= Up to nine 8 bit I/O ports with programmable 
input thresholds and output characteristics. Al- 
ternative functions allow the full use of all pins. 


= Powerful software development tools, including 
assembler, linker, C-compiler, archiver, software 
and hardware emulators. 


= 84-lead Window Ceramic Leaded Chip Carrier 
package for ST90E54. 


m 84-lead Plastic Leaded Chip Carrier package for 
ST90T54. 


1280 BYTES 


16-BIT cey 
TIMER /WOG 


REGISTER BUS 


1/0 1/0 
1/0 PORT 4 PORT 5 1/0 1/0 1/0 1/0 ve 
WITH WITH 
PORT 1 HANDSHAKE HANDSHAKE PORT 6 PORT 7 PORT 8 PORT 9 PORT 2 


y HS 


VROA1386 
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Figure 2. ST90E54,T54 Pin Configuration 


/INTI 


TINA 
1INB 


P84/TIINA/WAIT/WDOUT 


P85/PD/T3INB 


WRSRDY, 
P82/TIOUTO/WRSSTB ANTI 


RESET/Vpp 
P56/T30UTTO 
P57/T30UT1 
PB1/RDSRDY/T 
P83/T10UTI/RDSSTB 
P86/T30UTO/INT7 


P54/TIOUTO 
P55/T1OUTI 
Voo 


A8/P10 
P80/ 


nn 
& 
B 
8 


e- 


AQ/P11q 12 
A10/P12 Q 13 


ADO/POO 4 27 
AD1/PO1 [J 28 
AD2/P02 Cj 29 
AD3/PO3 [ 30 


AD4/P04 g 31 
AD5/P05 | 32 


u 


AD6 /PO6 

Vss 

AD7/P07 

/INT4/P45 

TDOUTI /INTS /P46 
TDOUTO/BUSREQ/P47 


WOOUT/TOETCK /INTO/P44 
BUSACK 


Note 1 : P70/AINOD/ADTRG/WR4DRDY/RXOCKIN/WDIN/BSH_EN1. 


GENERAL DESCRIPTION 


The ST90E54 and ST90T54 (following mentioned 
as ST90E54) are EPROM members of the ST9 
family of microcontrollers, in windowed ceramic (E) 
and plastic OTP (T) packages respectively, com- 
pletely developed and produced by SGS-THOM- 
SON Microelectronics using a proprietary n-well 
HCMOS process. 


The EPROM parts are fully compatible with their 
ROM versions and this datasheet will thus provide 
only information specific to the EPROM based 
devices. 


THE READER IS ASKED TO REFER TO THE 
DATASHEET OF THE ST9054 ROM-BASED DE- 
VICE FOR FURTHER DETAILS. 


The EPROM STS0E54 may be used for the proto- 
typing and pre-production phases of development, 
and can be configured as: standalone microcon- 
trollers with 32K bytes of on-chip EPROM, micro- 
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74 1) P87/T30UT1I/NMI 
AVss 


eo Df P94/SOUT 

s3 1 P93/RX1CKIN/TDOUTO 
88 1 P92/CLKIOUT/TXICKIN 
57 1 P91/TDOUTI/SIIN 

58 1 P90/S10UT 

85 1] P27/B57 

s¢ 0 P26/856 


vw 


BS5/P25 


VA0B261 


controllers able to manage up to 120K bytes of 
external memory, (16M byte with the Bankswitch 
logic), or as parallel processing elements in a sys- 
tem with other processors and peripheral control- 
lers. 


A key point of the ST90E54 architecture is its 
modular approach which allows software common- 
ality with all other members of the ST9 family. 


The nucleus of the modular design of the ST90E54 
is the advanced Core which includes the Central 
Processing Unit (CPU), the Register File, a 16 bit 
Timer/Watchdog with 8 bit Prescaler, a Serial Pe- 
ripheral Interface supporting S-bus, |@C-bus and 
IM-bus Interface, plus two 8 bit I/O ports. The Core 
has independent memory and register buses allow- 
ing a high degree of pipelining to add to the effi- 
ciency of the code execution speed of the extensive 
instruction set. 


SGS-THOMSON 
MICROELECTRONICS 


GENERAL DESCRIPTION (Continued) 


The powerful I/O capabilities demanded by micro- 
controller applications are fulfilled by the ST90E54 
with up to 72 I/O lines dedicated to digital Input/Out- 
put. These lines are grouped into up to nine 8 bit 
I/O Ports and can be configured on a bit basis under 
software control to provide timing, status signals, 
address and data buses for interfacing external 
memory, timer inputs and outputs, analog inputs, 
external interrupts and serial or parallel 1/O with or 
without handshake. 


Three basic memory spaces are available to sup- 
port this wide range of configurations: Program 
Memory (internal and external), Data Memory (in- 
ternal and external) and the Register File, which 
includes the control and status registers of the 
on-chip peripherals. 


Three 16 bit MultiFunction Timers, each with an 8 
bit Prescaler and 13 operating modes allow simple 
use for complex waveform generation and meas- 
urement, PWM functions and many other system 
timing functions by the usage of the two associated 
DMA channels for each timer. 


In addition there is an 8 channel Analog to Digital 
Converter with integral sample and hold, fast 11s 
conversion time and 8 bit +1/2 LSB resolution. An 
Analog Watchdog feature is included for two input 
channels. 


Completing the device are two full duplex Serial 
Communications Interfaces, each with an integral 
110 to 375000 baud rate generator, asynchronous 
and byte synchronous capability (fully programm- 
able format) and associated address/wake-up op- 
tion, plus two DMA channels. 


PIN DESCRIPTION 


AS. Address Strobe (output, active low, 3-state). 
Address Strobe is pulsed low once at the beginning 
of each memory cycle. The rising edge of AS 
indicates that address, Read/Write (R/W), and Data 
Memory signals are valid for program or data mem- 
ory transfers. Under program control, AS can be 
placed in a high-impedance state along with Port 0, 
Port 1, Port 6, Data Strobe (DS) and R/W. 


DS. Data Strobe (output, active low, 3-state). Data 
Strobe provides the timing for data movement to or 
from Port 0 for each memory transfer. During a 
write cycle, data out is valid at the leading edge of 


ST90E54 - ST90T54 


DS. During a read cycle, Data In must be valid prior 
to the trailing edge of DS. When the ST90E54 
accesses on-chip memory, DS is held high during 
the whole memory cycle. It can be placed in a high 
impedance state along with Port 0, Port 1, Port 6, 
AS and R/W. 


R/W. Read/Write (output, 3-state). Read/Write 
determines the direction of data transfer for exter- 
nal memory transactions. R/W is low when writing 
to external program or data memory, and high for 
all other transactions. The timing of R/W may be 
modified when using the Bank Switch Logic mem- 
ory expansion to prevent external timing conflicts. 
R/W can be placed in a high impedance state along 
with Port 0, Port 1, Port 6, AS and DS. 


RESET/Vpp. Feset (input, active low) or Vpp 
(input). The ST9 is initialised by the Reset signal. 
With the deactivation of RESET, program execu- 
tion begins from the Program memory location 
pointed to by the vector contained in program 
memory locations 00h and Oth. In the EPROM 
programming Mode, this pin acts as the programm- 
ing voltage input VPP. 


OSCIN, OSCOUT. Oscillator (input and output). 
These pins connect a parallel-resonant crystal 
(24MHz maximum), or an external source to the 
on-chip clock oscillator and buffer. OSCIN is the 
input of the oscillator inverter and internal clock 
generator; OSCOUT is the output of the oscillator 
inverter. 


AVpp. Analog Vpp of the Analog to Digital Conver- 
ter. 


AVss. Analog Vss of the Analog to Digital Conver- 
ter. 


Vpp. Main Power Supply Voltage (5V+10%) 
Vss. Digital Circuit Ground. 


P0.0-P0.7, P1.0-P1.7, P2.0-P2.7, P4.0-P4.7, P5.0- 
P5.7, P6.0-P6.7, P7.0-P7.7, P8.0-P8.7, P9.0-P9.7 
I/O Port Lines (Input/Output, TTL or CMOS com- 
patible). 8 lines grouped into I/O ports of 8 bits, bit 
programmable under program control as general 
purpose I/O or as Alternate functions (see next 
section). 


I/O Port Alternate Functions. 


Each pin of the I/O ports of the ST90E54 may 
assume software programmable Alternative Func- 
tions as shown in the Pin Configuration Drawings. 
Table 1 shows the Functions allocated to each I/O 
Port pins. 
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PIN DESCRIPTION (Continued) 
Table 1. ST90E54,T54 I/O Port Alternate Function Summary 


I/O PORT j 
| WOPORT Function Alternate Function 


IN/OUT 


Address/Data bit 0 mux 
Address/Data bit 1 mux 
Address/Data bit 2 mux 
Address/Data bit 3 mux 
Address/Data bit 4 mux 
Address/Data bit 5 mux 
Address/Data bit 6 mux 
Address/Data bit 7 mux 
Address bit 8 


hk, 
Ss 


Address bit 9 


= 
ine) 


Address bit 10 
Address bit 11 
Address bit 12 
Address bit 13 


N 


Address bit 14 


© 


Address bit 15 


AAS 
© 


Bank Switch Address 0 (A16) 


h 
co 


Bank Switch Address A17 
Bank Switch Address A18 
Bank Switch Address A19 
Bank Switch Address A20 


ol 
nN 


Bank Switch Address A21 
Bank Switch Address A22 
Bank Switch Address A23 
I/O Handshake Port 4 
I/O Handshake Port 4 


oI 
acy 


&] A 
oO 


I/O Handshake Port 4 


ASS 
Nh 


I/O Handshake Port 4 


pi A 
& | @ 


External interrupt 0 
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PIN DESCRIPTION (Continued) 
Table 1. ST90E54,154 I/O Port Alternate Function Summary (Continued) 


1/0 PORT ; 
| WOPORT Function Alternate Function 


N/OUT 
Port.bit ee 


T/WD output 

I/O Handshake Port 4 
External interrupt 4 
External Bus Acknowledge 


I/O Handshake Port 4 


External interrupt 5 


az 
= 
a ae? 


VO Handshake Port 4 
ae MF Timer 0 output A 
Le al External Bus Request 
VO Handshake Port 4 
VO Handshake Port 5 
VO Handshake Port 5 
VO Handshake Port 5 
VO Handshake Port 5 
P/D oO. Program/data space select 

ca TC 
[rs [rewre | 0 rer eseae 
[ms | 0 [vor eas 
[ese ____[ Roum [0 wri sonan | 
CC 
[ar [wore | 9 rime | 
aT 
CT 

P6.1 PAL fl Address bit 1 (non mux) 


Address bit 4 (non mux) 
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PIN DESCRIPTION (Continued) 
Table 1. ST90E54,T54 I/O Port Alternate Function Summary (Continued) 


1/0 PORT 


Houn Alternate Function 


Ad Address bit 5 (non mux) 


> 
Oo 


Address bit 6 (non mux) 


> 
N 


Address bit 7 (non mux) 
A/D Analog input 0 

A/D conversion trigger 
WRRDY4 Handshake Write Ready P4 
RXOCKIN SCIO Receive Clock input 


T/WD input 


es 

rae (ae 
; 

= 

=) 

Zz 


BSH_EN1 Bank Switch High Nibble Enable 
A/D Analog input 1 

RDRDY4 Handshake Read Ready P4 
SPI Serial Data In 

MF Timer 0 input B 

A/D Analog input 2 

SCIO Byte Sync Clock output 
SCIO Transmit Clock input 
Bank Switch Low Nibble Enable 
A/D Analog input 3 
Program/data space select 

MF Timer 0 input A 

A/D Analog input 4 

A/D Analog input 5 

A/D Analog input 6 

A/D Analog input 7 

Handshake Write Ready P5 

MF Timer 3 input A 

Handshake Read Ready P5 
MF Timer 1 input B 


External interrupt 1 
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PIN DESCRIPTION (Continued) 
Table 1. ST9054 I/O Port Alternate Function Summary (Continued) 


Function 
IN/OUT 


Alternate Function 


res [wet enna 
[wetted 

za A 
a 
ftir 

[sisi Gape | 


a 
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ST90E54 CORE 


The Core or Central Processing Unit (CPU) of the 
ST90E54 includes the 8 bit Arithmetic Logic Unit 
and the 16 bit Program Counter, System and User 
Stack Pointers. The microcoded Instruction Set is 
highly optimised for both byte (8 bit) and word (16 
bit) data, BCD and Boolean data types, with 14 
addressing modes. Two 8 bit I/O ports are con- 
nected to the Core module for external memory 
interfacing, while a 16 bit Timer/Watchdog gives 
system security and timing functions, and a Serial 
Peripheral Interface allows for synchronous com- 
munication. Three independent buses are conirol- 
led by the Core, a 16 bit Memory bus, an 8 bit 
Register addressing bus and a 6 bit Interrupt/DMA 
bus connected to the interrupt and DMA controllers 
in the on-chip peripherals and the Core. This 
multiple bus architecture allows a high degree of 
pipelining and parallel operation within the 
ST90E54, giving it its efficiency in both numerical 
calculations and communication with the on-chip 
peripherals. 


MEMORY 


The memory of the ST90E54 is functionally divided 
into two areas, the Register File and Memory. The 
Memory may optionally be divided into two spaces, 
each having a maximum of 65,536 bytes. The 
Memory may be expanded with the Bankswitch 
logic to give paging of the top 32K bytes of each 


space to expand the ST90E54 addressing capa- 
bility to 8M bytes in each space. The two memory 
spaces are separated by function, one space for 
Program code, the other for Data. The ST90E54 
32K bytes of on-chip EPROM memory is selected 
at memory addresses 0 through 7FFFh (hexadeci- 
mal) in the PROGRAM space, while the ST90T54 
OTP version has the top 64 bytes of the program 
space reserved by SGS-THOMSON for testing 
purposes. The Data space includes the 1,280 bytes 
of on-chip RAM at addresses 0 through 04FFh. 


Off-chip memory, addressed using the address and 
data buses (Port 0, Port 1 and Port 6), may be 
divided into the Program and Data spaces by the 
external decoding of the Program/Data select pin 
(P/D) available as an Alternate function. At ad- 
dresses greater than the first 32K of program 
space, the ST90E54 executes external memory 
cycles for instruction fetches. The Data Strobe DS 
will not be generated when accessing the internal 
memory. The on-chip general purpose Registers 
may be used as additional RAM memory for mini- 
mum chip count systems. 


EPROM PROGRAMMING 


The 32,768 of EPROM memory of the ST90E54 
(32,704 for the ST90T54) may be programmed by 
using the EPROM Programming Boards (EPB) 
available from SGS-THOMSON. 
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FIGURE 3. Memory Spaces, Bankswitch Disable 


INTERNAL EXTERNAL REGISTER INTERNAL EXTERNAL 


PROGRAM FILE 


SPACE VRO001398 


Figure 4. Memory Spaces, Bankswitch Enabled 


1280 


0000 om | 


INTERNAL EXTERNAL REGISTER INTERNAL EXTERNAL 
FILE 


PROGRAM 
SPACE VR001399 
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ABSOLUTE MAXIMUM RATINGS 


a 
vi 


Note: Stresses above those listed as "absolute maximum ratings" may cause permanent damage to the device. This is a stress rating only and 
cone operation of the device at these conditions is not implied. Exposure to maximum rating conditions for extended periods may affect 
evice reliability. 


RECOMMENDED OPERATING CONDITIONS 


TA 


DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5V + 10% Ta =— 40 °C to + 85°C, unless otherwise specified) 
Value 


ee 


Tier [cectinparigntee _[esenarncke | avon | | vooroa | 
fewos*d ove | wooo 
jews os || ve 

iiss [Restnettigntew | are fd eo 

vars [resetputtowtoet ides | dem 
vor ouputigntevet | posnPunwav=—oana[ven-o8| | +( 


VoL Output Low Level Push Pull or Open Drain, V 
lload =— 1.6mA 0.4 
IwPuU Weak Pull-up Current Bidirectional Weak Pull-up, WA 
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DC ELECTRICAL CHARACTERISTICS (continued) 


lAPU Active Pull-up Current, Vin < 0.8V — 200 — 420 
— INTO and INT7 oa 
| ItKio /O Pin }/OPin InputLeakage Leakage Input/Tri-State, OV < Vin < Vop [a 


ae re 
eae ror maa Drain, OV < VIN <Vop —3 +3 
inka —_| Active Pull-up | Active Pull-up Input Leakage Leakage OV< fov<vin<osv) < 0.8V - 10 ee ee es pA 
xcs [oscwPininmuttese —[avevnevoo «if =| «dato 
Run Mode Current jpavineNotet || ge | 70m 
awiz,Nowet | || ta] 
lope | Run Mode Gurren pave, Notet | ft | aoa 
Prescale by 2 
aweizNotet | || [a 
wet | WF Mode Current eaviznoret ||| te [a 
awrz,noe ||| mal 
[ens [War Wode Covert deans || 
|_Ver [EPROM Programming Votage | | te | tes | tee | V | 
[ie [EPROM Prormming cure | ———~—S~idCSC~C~SCSCS*wrC 


Note: 1. All 1/O Ports are configured in Bidirectional Weak Pull-up Mode with no DC load, External Clock pin (OSCIN) is driven by square 
wave external clock. No peripheral working. External interface not active (Internal Program Execution). 


Test Conditions 


DC TEST CONDITIONS 


TTL INPUT 
FORCING CONDITION 


CMOS INPUT 
FORCING CONDITION 


"1" SOURCE CURRENT = —0 8mA 


PUSH-PULL OUTPUT 
TEST CONDITION 


“0” SINK CURRENT = 1.5mA 


"1" SOURCE CURRENT 


WEAK PUSH—PULL OUTPUT 
TEST CONDITION 
"0" SINK CURRENT = 1.5mA 
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AC ELECTRICAL CHARACTERISTICS 


~ CLOCK TIMING TABLE 
(Vop = 5V + 10%, Ta = — 40°C to + 85°C, unless otherwise specified) 


eee 
ee a a eee 


es: 
a. Clock divided by 2 internally (MODER.DIV2=1) 
b. Clock not divided by 2 internally (MODER.DIV2=0) 


CLOCK TIMING 


Vin =0-8V op 


Vit =9-2V pp 
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EXTERNAL BUS TIMING TABLE (Vpp = 5V + 10%, Ta =— 40 °C to + 85 °C, Cload = 50pF, CPUCLK = 
12MHz, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not Divided 
By 2 By 2 


FE lea cae ech ie i (ek A Da 
ee ss 
Ta [ans (OR) [STioDaeniefead frre urcawgce fwowrona—o | [va] 
Pa fas Stowrusewan racers? fworseroo-0 [os] __| 
5 ek GS faieeroBC foo | 


TwDSR DS Low Pulse Width (read) TpC (4P42W43) -20 ener (er awel) = lel 


TwDSW DS Low Pulse Width (write) TpC (2P+2W+2)-13 | TpC (P+W+1) -13 70 | | ns 


TdDSR (DR) |DS 1 to Data Valid Delay (read) | 6 igpyow.a) so | AVCTATPC(eP Wat) - er 


ORS) _[oamwoeTRaaTwe ea foe o> fw 
11 |TdDS (AS) [DST to AS J Delay TpC -18 TwCL-14 p24 | | ns | 


ee TSR (AS) | RAW Set- -up Time before AS T | TPC (2P+1) —22 TWCH+PTpC —18 ee 
13 |TdDSR (RW) |DS T to R/W and Address Not |Tpc —9 TwCL -5 33 
Valid Delay 
TaDW (DSW) [Write Data Vali to DS J Delay [tpc (2P+1) -32 TwCH+PTpC -28 ae 
(write) 


a ie Uae aca Data aaseerenerest Time after DS T ca -9 ne 5 
oT 


i Rip oe act (8P+W+2) — 


ag" } 47 [TdAs (DS) JAS TtoDS J Delay TpC -18 TwCL —14 f 24 | | ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
prescale value and number of wait cycles inserted. 

The value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


N 


= Clock Prescaling Value 
W= Wait Cycles 
TpC = OSCIN Period 
TwCH = High Level OSCIN half period 
TwCL = Low Level OSCIN half period 
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EXTERNAL BUS TIMING 


CPUCLK 


(WRITE) 


DS 
(WRITE) 
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EXTERNAL WAIT TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OSCIN Divided OSCIN Not 
By 2 Divided By 2 


TdAS (WAIT) |AST to WAIT J Delay 2(P+1)TpC-29 =| (P+1) TpC -29 | | 40 | sons | 
TdAS (WAIT) |ASTtoWAITT Minimum Delay |2(P+W+1)TpC-4 | (P4W+1)TpC -4 | 80 | | ns | 
Leer | TdAS (WAIT) |AST to WAIT T Maximum Delay |2(P+W+1)TpC -29 |(P+W+1)TpC -29 aoa 83W+40 | ns | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
pisscae value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


EXTERNAL WAIT TIMING 
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BUS REQUEST/ACKNOWLEDGE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 
50pF, INTCLK = 12MHz, Push-pull output configuration, unless otherwise specified) 


Value (Note) 
Symbol Parameter OscIN Divided OSCIN Not Divided tin. | ax. 


ramen preovemmer: —SS_——feae of 

THEFTS [ROOPHNTTHeTWGLGS | | S60 [re 
Ea te ee 
[a |rabAck ene [USACKViosuwAevess| ao | ao —S=«SSid a | 
[4 fraeacKrencn USRKToBisAcive | ao | a + | 2 | 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
rte value and number of wait cycles inserted. 
he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 


and zero wait status. 


BUS REQUEST/ACKNOWLEDGE TIMING 


INTCLK 


CPUCLK 


BUSREQ 


BUSACK 


MEMINT 
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Note : MEMINT = group of memory interface signals : AS, DS, R/W, P00-P07, P10-P17. 
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HANDSHAKE TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Push-pull output configuration, unless otherwise specified) 


| Value (Note) | Value (Note) 
Symbol Parameter | ee ry aa ee | By pees 


TwRDY RDRDY, WRRDY Pulse 
Width in One Line Handshake FRG 8 | -18 (eave) )-18 


es TwSTB RDSTB, WRSTB Pulse Width |2TpC+12 Po] TpC+12 eee 
TdST (RDY) |RDSTB, or WRSTB T TpC+45 aa, = 
to RDRDY or WRRDY J 
4 |TsPD (RDY) |Port Data to RDRDY T (2P+2W+1) TwCH+(W+P) 16 
Set-up Time TpC —25 TpC —25 
TsPD (RDY) |Port Data to WRRDY J Set-up 43 43 
Time in One Line Handshake 
ThPD (RDY) |Port Data to WRRDY J Hold 
Time in One Line Handshake 
7 |TsPD (STB) |Port Data to WRSTB T 10 10 10 
Set-up Time 
ThPD (STB) {Port Data to WRSTB T 25 25 25 
Hold Time 
RDSTBD T to Port Data Delay 
TdSTB (PD) ae in Bidirectional Hand- 35 
shake 
RDSTB T to Port High-Z Delay 
shake 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
peste value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescaler value of 
zero and zero wait status. 


Legend: 
P= Clock Prescaling Value (R235.4,3,2) 
W = Programmable Wait Cycles (R252, 2.1.0/5,4,3) + External Wait Cycles 


Kj SGS:THOMSON Aes 


MICROELECTRONICS 
567 


ST90E54 - ST90T54 


HANDSHAKE TIMING 


STROBE 


OUTPUT 
HANDSHAKE 


ONE LINE 


INPUT 
HANDSHAKE 


TWO LINES 
INPUT 
HANDSHAKE 


BIDIRECTIONAL 
HANDSHAKE 
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EXTERNAL INTERRUPT TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK 


= 12MHz, Push-pull output configuration, unless otherwise specified) 


| ss Value (Note) | ss Value (Note) 


a _ 


7 fiwth [fowteveimam Puce Wah nang EdeeMode__[eTpovie [movie [eS] [re 
[2 wht [Fgh Level rman Puse Within ising Edge ode [eTpceTe [Trost @6 |_| rs 
[3a [High Lev wiimur Puse Wid in Fling Edge Mode _[aTpCvie_[Toovie | 08 | | ro 
[4 ffwtF [tow Level nimum Puise Wh naling age Vode [eteceie [trove] e6 [ [re 


Note: The value left hand two columns show the formula used to calculate the timing minimum or maximum from the oscillator clock period, 
pleseae value and number of wait cycles inserted. 

he value right hand two columns show the timing minimum and maximum for an external clock at 24 MHz divided by 2, prescale value of zero 
and zero wait status. 


OSCIN | OSCIN Not 
Divided By | Divided By 
2 Min. 2 Min. 


EXTERNAL INTERRUPT TIMING 


RISING EDGE DETECTION FALLING EDGE DETECTION 
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WATCHDOG TIMING TABLE (Vpp = 5V + 10%, Ta =—40°C to +85°C, Cload = 50pF, INTCLK = 
12MHz, Output Alternate Function set as Push-pull) 


Symbol | Framer | te 


TwWDOL | WDOUT Low Pulse Width 


TwWDOH WDOUT High Pulse Width 
TwWDIL WDIN Low Pulse Width 
TwWDIH WDIN High Pulse Width 


WATCHDOG TIMING 
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SPI TIMING TABLE (Vpp = 5V + 10%, Ta = —40°C to +85°C, Cload = 50pF, INTCLK = 12MHz, Output Al- 


ternate Function set as Push-pull) 


Note: 1. TpC is the Clock period. 


SPI TIMING 
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PACKAGES MECHANICAL DATA 
Figure 5. 84-Lead Plastic Leaded Chip Carrier 


1.18 


NO 


Figure 6. 84-Lead Window Ceramic Leaded Chip Carrier (L) 


| INCHES 
| Min | Typ | Max 
4a] 145] | 1.19 | 
59/113] | 1.16, 
oa] | 0.74 | 


Po fasr) | r.68}o05 | [006 
Er Sa ee a ee a 
jd2 | [223] | foo8| 


FE |2e.i9}  j2o2i}ito| | 4.14 
pe | fi27] | foo] 
8 25.18] ___fasesjomi| tt | 
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ORDERING INFORMATION 
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ST9-EVM 


EVALUATION MODULE FOR ST9 MCU FAMILY 


=" Designed to communicate with any IBM 
PC/XT/AT or compatible computer through an 
RS-232 serial communication link. 

= Software Development and Debugging Package 
running under MS-DOS operating system 
(EVMST9) 

= Emulation of the ST9 Microcontroller family. 

= 128K bytes of fast static memory. 

= RS-232 serial interface for connection with a host 
computer or console terminal. 

= Programmable crystal oscillator to control baud 
rate of the serial I/O channels. 

= Two Counter/Timer and Parallel I/O Units com- 
pletely free for operation by the user. 

= Single step circuitry. 

= Automatic hardware self test executed every time 
the emulator is powered on. 

= Requires the use of an external 5V power supply 

= Three Configuration Modes: The evaluation mo- 
dule may be configured in stand alone mode, 
remote tty mode, or remote Host mode. Remote 
host mode allows the use of a more powerful 
debugger program. 
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GENERAL DESCRIPTION 


The ST9-EVM interfaces with any user-designed 
ST9 system and assists in the debugging and de- 
velopment of that system. The complete ST9-EVM 
consists of the evaluation module, an RS232 Serial 
Communication cable providing the interface with 
an optional Host computer, an ICE Probe and 
Adapter which may be plugged directly into the 
user’s application, and a powerful software de- 
bugger. The evaluation module requires an external 
5V power supply to function. 


The ST9-EVM allows the designer to emulate the 
system in real time or single step mode. Aset of 128 
user programmable software breakpoints may be 
used to stop execution upon access to any program 
memory address. 


Furthermore, a wide range of debug commands are 
available when operating in remote Host mode and 
provide the user with full control of the Evaluation 
Board hardware and feature several commands for 
controlling the execution of programs. Memory and 
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Figure 1. ST9-EVM Hardware Configuration 


ST9—EVM 


PERSONAL 
COMPUTER 


EVALUATION 
BOARD 


TERMINAL 


(OPTIONAL) 


VA00119 


registers may be read and written in a number of 
different formats, while macro commands and con- 
ditional block constructs are available for use in 
automated debugging sessions. 


HARDWARE DESCRIPTION 


Evaluation Module Hardware Includes: The Evalu- 
ation Board which provides the extra circuitry 
needed by the emulated CPU in order to control the 
single step logic and the serial and parallel inter- 
faces, as well as the memory necessary for use by 
both the system and the user. 


The ST90xx Extension Board which contains the 
emulated ST9 (Core, I/O Ports, and Peripherals). 
The Extension Board is different for each ST9 ver- 
sion. 


The Evaluation Module shares the emulated ST9 
microcontroller with the user. Consequently, the 
Extension Board manages the operation of the 
Evaluation Module by means of the emulated ST9, 
while the Evaluation Board provides any of the 
necessary external circuitry including 128K of mem- 
ory and single step circuitry. 


The Evaluation Board contains 128K of memory, 
out of this, 32K of Program Memory and 56K of Data 
Memory are available to the user. The first 32K of 
Program Memory and the last 8K of Data Memory 
are reserved for system use. The Evaluation Board 
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~ EXTENSION 
BOARD 


ICE PROBE and 
PACKAGE ADAPTOR 


USER 
APPLICATION 
BOARD 


also contains special circuitry to allow the user to 
execute a program in single step mode. 


The Serial I/O Units, which control communication 
with either a host computer or a console terminal, 
are located on the Evaluation Board and have their 
own crystal oscillator which may be programmed by 
adjusting a set of jumpers on the Evaluation Board. 
The Evaluation Board also provides two 
Counter/Timer and Parallel I/O Units which are 
completely free for operation by the user. Each unit 
has two 8 bit and one 4 bit parallel I/O ports and 


three 16 bit counter/timers. 


The Extension Board contains the circuitry which 
emulates the ST9, along with all the special func- 
tions and peripherals of the specific ST9 being 
emulated. Since each version of the ST9 has differ- 
ent peripherals and access to different I/O ports, the . 
Extension Board will be different for each version of 
the ST9. 


However, the basic design of the Extension Board 
will remain the same, allowing the extension board 
to be easily configured for any future or existing 
version of the ST9. In general, the Extension Board 
contains the components and circuitry which emu- 
late the ST9 (Core, I/O ports, and peripherals), 
interfaces with the ICE Connectors, and sends in- 
formation to the Evaluation Board. 


A5V Power Supply must be provided by the user in 
order to use the Evaluation Module. 
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SOFTWARE DEVELOPMENT AND DEBUGGING 
PACKAGE 


The ST9 Evaluation Module Debugger is a software 
tool which allows the user to have complete control 
of the ST9 Evaluation Module. The Debugger must 
be used on an IBM PC/XT/AT or compatible that is 
connected to the ST9-EVM by means of an RS-232 
serial communication cable. The following features 
are provided by the ST9 Evaluation Module De- 
bugger: 


The debugger available when in Remote Host mode 
has a command line syntax compatible with the 
SIMST9 Software Simulator and SDBST9 (the De- 
bugger for the ST9 Hardware Development Sys- 
tem). A wide range of commands are available for 
displaying and setting memory and registers ac- 
cording to different formats. The debugger has a 
powerful symbol handler which allows the user to 
define symbols and macros, extract them from sym- 
bol table files, and save them in symbol table files. 


Figure 2. EVMST9 Command Summary 


ARCHIVE 
ASM 
BASE 


On-line assembler 


ST9-EVM 


The debugger provides a symbolic on-line assem- 
bler and disassembler. Full screen video modes are 
available for Memory, Register, and Single Step 
Display when using the debugger. Macro com- 
mands and conditional block constructs are avail- 
able for use in automated debugging sessions. 


An On-line help facility is available in the debugger 
to give a listing of the complete command set as 
well as specific information on any of the com- 
mands. Log, dump and command file capability 
allows for easy documentation and configuration 
when using the debugger. 


The debugger contains a powerful command inter- 
preter which allows the evaluation of complex ex- 
pressions involving numbers, addresses, memory 
and register contents, and I/O channel data. 


128 software breakpoints are available to the user 
and may be set on any program address accessible 
by the user. 


Archive symbols and macros 


Change base of numbers 


BYE Exit from debugger program 


CLOSE Close I/O channel 
CM Compare memory 
DEFINE 
DISASM 
DM Display memory 
DO Execute macro 

DR Display register 
DUMP 


FM Fill memory 


FR Fill registers 
GO Execute program 
HELP On-line help 
HOST 


Save current setup 


Define symbols and macros 
On-line symbolic disassembler 


Enter Transparent Mode 


IF Conditional command execution 


LISTSYMBOL 
LOAD 


NEXT 
OPEN 
PRINT 
PUNCH 
QUIT 


Open I/O channel 


List symbols and macros 
Load program/data from file 
MM Move block of memory 
Execute program steps 


Print strings and values 
Save program/data to control terminal 
Terminate command execution 
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Figure 2. EVMST9 Command Summary (continued) — 


ORDERING INFORMATION 


Extension Board for ST902X devices (upgrade part 


) 
Extension Board for ST903X devices (upgrade part) 


Extension Board for ST904X devices (upgrade part) 


Extension Board for ST905X devices (upgrade part) 


4I4 


READ 
RESET 
SAVE 

SB 
SEARCH 
SET 

SM 

SR 
UNDEFINE 
USE 

VE 

VM 

VR 

WR 


<value> 
? 


Part Number 
ST902X-EVM 
ST903X-EVM 
ST905X-EVM 
ST902X-DBE 
ST903X-DBE 
ST904X-DBE 
ST905X-DBE 
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Read program/data from control terminal 
Reset emulated CPU 

Save program/data into file 
Set/display memory breakpoints 
Search a pattern in memory 
Set/reset options 

Set memory 

Set/display registers 

Remove symbols 

Execute commands from a file 

View execution (video mode) 

View memory (video mode) 

View registers (video mode) 

Display current working register set 
Evaluate expression 

Display symbols having a given value 
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EPROM PROGRAMMING BOARD FOR ST9 MCU FAMILY 


=» Programming tool for EPROM and OTP members 
of the ST9 Microcontroller Family 

= Stand-alone operation mode 

= Device EPROM capacity self-identified 

= 3 functions performed 

™ All device packages type supported 

= Single Power Supply 


GENERAL DESCRIPTION 


This board is designed for programming the 
EPROM versions of the ST9 microcontroller family, 
including both the ceramic windowed and plastic 
OTP packages. 


The EPROM size of the ST9 microcontroller to be 
programmed is recognised automatically by the 


on-board software and three sockets are provided 
to accept the different existing packages types. 


The ST9-EPB board uses a reference EPROM 
including the customer’s code directly generated by 
the ST9 assembler-linker. The ST9 EPROM device 
will be programmed from the contents of the refer- 


December 1990 


ence EPROM. Jumpers allow the selection of dif- 
ferent types of reference EPROM (2732, 2764, 
27128, 27256). 


On board regulation requires only a single power 
supply of +18 Vpc — 0.5A to produce the different 
voltages necessary for the board functioning. 


The board can perform 3 operations: 


— Verifying the blank state of the microcontroller 
EPROM. 


— Programming microcontroller with the content of 
the reference EPROM. 


— Verifying the microcontroller against the refer- 
ence EPROM. 


The required function is selected by two switches. 


During the running procedure the program/verify 
LED flashes and at the end of operation, the result 
is displayed on LEDs: 


— Green OK LED for succesful operation. 
— Red error LED for a programming error. 
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ORDERING INFORMATION 


ST90E2X-EPB ST90E26D6 CDIP48W 
ST90E27D6 CDIP40W 
STIDE28L6 CLOC44W 
ST9OT2Z6B6 PDIP48 
ST90T27B6 PDIP40 


ST90T28C6 
STSO0E40L6 


PLCC44 
CLOC68W 


ST90E4X-EPB 


ST9DE30L6 CDIP68W 
ST90E31D6 CDIP48W 
ST9NT3OBE PLCC68 
ST90T31B6 PDIP48 


ST90E5X-EPB sTooes4.6 =| = EPROM | __ CLCC84W 
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HARDWARE DEVELOPMENT SYSTEM 


» Designed to communicate with any IBM 

PC/XT/AT or compatible computer through an 

RS-232 serial communication link. 

Emulation capability of all present and future 

members of the ST9 Microcontroller family, ROM 

and ROMless devices by dedicated option 

boards 

128K bytes of system mappable fast static mem- 

ory, which may be mapped in pages of 512 bytes 

each 

4 maskable hardware controlled memory break- 

points and 2 maskable hardware controlled reg- 

ister breakpoints 

= Real time trace memory (2048 events) 

Programmable crystal oscillator and external 

clock option allow an emulated CPU clock fre- 

quency ranging from 2 to 24 MHz 

= Automatic hardware self test executed every time 
the emulator is powered on 

= 8 User Probes available and included in the trace 
and breakpoint logic 

= The Emulator may be used in Standalone Mode 
without a Personal Computer control 
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FOR ST9 MCU FAMILY 


GENERAL DESCRIPTION 


The ST9 Hardware Development System (ST9- 
HDS) is an intelligent and powerful In Circuit Real 
Time Emulation System configurable for all current 
and future members of the ST9 family of microcon- 
trollers. The complete ST9-HDS consists of the 
emulator, an RS232 Serial Communication Cable 
providing the interface with an optional Host com- 
puter, an ICE Probe and Adapter which may be 
plugged directly into the user’s application, a set of 
8 user probes, and a powerful software debugger. 
The ST9-HDS allows the designer to emulate the 
system in real time or single step mode. A set of 4 
user programmable memory breakpoints which 
may be logically combined in AND, OR, SEQUEN- 
TIAL, or DELAY mode and 2 user programmable 
register breakpoints allow the user to stop emula- 
tion upon very specific conditions, while trace cir- 
Ccuitry will collect the latest 2K (by 40 bit) events. 
Furthermore, a wide range of debug commands 
provides the user with full contro! of the Emulator 
hardware and features several commands for con- 
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Figure 1. ST9-HDS System Configuration 
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trolling the execution of programs. Memory and 
registers may be read and written in a number of 
different formats, while macro commands and con- 
ditional block constructs are available for use in 
automated debugging sessions. 


HARDWARE DESCRIPTION 


The Interface and Control Unit (l1CU) contains most 
of the circuitry necessary to control the ST9-HDS, 
with the exception of the circuits specifically related 
to the ST9 family of microcontrollers. The ICU pro- 
vides the control logic for monitoring the execution 
of programs, setting memory breakpoints, recor- 
ding signal events, and handling the communication 
with the host computer. The board contains the 
following hardware resources: 


Private Microcontroller: A private microcontroller con- 
trols the operation of the emulator, allowing execution 
of an emulated program to run without interference. 


128K of Fast Static Memory: 128 Kbytes of fast 
static memory are available for use by the emu- 
lated microcontroller. 


- Memory Management Circuitry: Memory may be 
mapped in groups of 512 bytes as Internal/External 
tothe Emulated ST9 or, System/User Supplied, and 
ReadOnly/ReadWrite, or as Non Existent. 
(Certain versions also allow memory to be 
mapped as EEPROM memory.) 
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- Memory Breakpoints: 4 Hardware controlled 
memory breakpoints are available to the user and 
may be combined in AND, OR, SEQUENTIAL, or 
DELAY mode. Each of the four breakpoints is 
associated with a breakpoint counter which may 
be used simply as a counter or used to flag an 
event only after the associated event has oc- 
curred n times. 


- Real Time Trace Circuitry: Real Time Trace Cir- 
Cuitry keeps track of a 2K by 40 bit buffer. 


The ST9 Emulator POD contains the core of the 
circuits required to emulate any member of the ST9 
family of microcontrollers. This board is responsible 
for providing the interface with the Extension Board, 


. providing the interface with the Interface Control 


Unit, sending out signals on reset identifying the 
emulated device as a ROM-less or ROM-maskable 
device, managing the opcode fetch signals, gener- 
ating the clock for the Extension Board, controlling 
the standalone mode option, decoding the pod ad- 
dresses, managing the register breakpoints, con- 
trolling the idle/run logic, generating wait cycles, and 
accessing the 8 user probes. The Pod Board con- 
tains the following features: 


- Programmable Crystal Oscillator: An on board 
programmable crystal oscillator, as well as the 
possibility of using an external clock via a BNC 
connector, allow the user the option of selecting 
the emulated CPU clock frequency. 
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HARDWARE DESCRIPTION (continued) 


- Standalone Logic: The Hardware Development 
System may be operated in Standalone Mode, 
. that is independently of the Host computer. 


- Wait Cycle Generator: A Wait Cycle Generator 
allows the user to assign from 0 to 7 wait cycles 
to any block of 512 memory bytes defined as 
external. 


- Register Breakpoints: 2 Hardware controlled reg- 
ister breakpoints are available to the user and 
may be combined in AND or OR mode. 


The Extension Board contains the circuitry control- 
ling all the special functions and peripherals of the 
ST9 being emulated. Since each version of the ST9 
has different peripherals and access to different I/O 
ports, the Extension Board will be different for each 
version of the ST9. 


However, the basic design of the Extension Board 
will remain the same, allowing the extension board 
to be easily configured for any future or existing 
version of the ST9. In general, the Extension Board 
contains the components and circuitry which emu- 
late the ST9 (Core, I/O ports, and peripherals), 
interfaces with the ICE Connectors, and sends in- 
formation to the Pod Board.Either a 220V/50Hz or 
110V/60Hz Power Supply is included in the emula- 
tor to provide the emulator with all necessary power. 


SOFTWARE DEBUGGING PACKAGE 


The ST9 Symbolic Debugger is a software tool 
which allows the user to have complete control of 
the ST9 Hardware Development System. The De- 
bugger must be used on an IBM PC/XT/AT or 
compatible that is connected to the ST9-HDS by 
means of an RS-232 serial communication cable. 

The following features are provided by the ST9 

Symbolic Debugger: 

- Debugger Compatibility: The debugger has a 
command line syntax compatible with the 
SIMST9 Software Simulator and SDBST9, the 
debugger for the ST9 Evaluation Module. 


ST9-HDS 


- Commands: Awide range of commands are avail- 
able for displaying and setting memory and reg- 
isters according to different formats. 


Powerful Symbol Handler: A Powerful Symbol 
Handler allows the user to define symbols and 
macros, extract them from symbol table files, and 
save them in symbol table files. 


- Symbolic On-Line Assembler/Disassembler: The 
debugger provides a symbolic on-line assembler 
and disassembler. 


- Full Screen Video Mode: Full screen video modes 
are available for Memory, Register, and Single 
Step Display. 

- Symbolic Trace: Trace memory is disassembled 
into assembler mnemonics. 


- Macros and Conditional Block Constructs: Macro 
commands and conditional block constructs are 
available for use in automated debugging ses- 
sions. 


- On-Line Help: An On-line help facility is available 
in the debugger to give a listing of the complete 
command set as well as specific information on 
any of the commands. 


Configuration and Documentation: Log, dump 
and command file capability allows for easy do- 
Cumentation and configuration. 


- Powerful Command Interpreter: A powerful com- 
mand interpreter allows for the evaluation of com- 
plex expressions involving numbers, addresses, 
memory and register contents, and I/O channel 
data. 


The ST9 Symbolic Debugger accepts inputs from 
the Software Development Package which includes 
the following: 


- ST9 Macro Assembler (AST9) 

- ST9 Linker/Loader (LST9) 

- ST9 Library Archiver (ARST9) 

- ST9 Software Simulator (SIMST9) 


The Software Development Package is available sep- 
arately, or with the Hardware Development System. 
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Figure 2. SDBST9 Command Summary 


ARCHIVE 
ASM 
BASE 
BYE 
CLOSE 
CM 
DEFINE 
DISASM 
DM 

DO 

DR 
DUMP 
FM 

FR 

GO 
HELP 
IF 
LISTSYMBOL 
LOAD 
MAP 
MB 

MM 
MRB 
NEXT 
OPEN 
PRINT 
QUIT 
RESET 
SAVE 
SB 
SEARCH 
SET 
SM 

SR 
SRB 
TRACE 
UNDEFINE 
USE 
VE 

VM 

VR 

WR 


<value> 
? 
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Archive symbols and macros 
On-line assembler 

Change base of numbers 

Exit from debugger program 
Close I/O channel 

Compare memory 

Define symbols and macros 
On-line symbolic disassembler 
Display memory 

Execute macro 

Display register 

Save current setup 

Fill memory 

Fill registers 

Execute program 

On-line help 

Conditional command execution 
List symbols and macros 

Load program/data from file 
Set/display memory mapping 
Modify breakpoint 

Move block of memory 

Modify register breakpoint 
Execute program steps 

Open I/O channel 

Print strings and values 
Terminate command execution 
Reset emulated CPU 

Save program/data into file 
Set/display memory breakpoints 
Search a pattern in memory 
Set/reset options 

Set memory 

Set/display registers 
Set/display register breakpoints 
Display trace 

Remove symbols 

Execute commands from a file 
View execution (video mode) 
View memory (video mode) 
View registers (video mode) 


Display current working register set 


Evaluate expression 


Display symbols having a given value 
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ORDERING INFORMATION 


ST902X-EMU/220 Complete Emulator for ST902X devices with Extension Board, 
ST902X-EMU/110 including Software Tools (not C compiler) for MS-DOS operating system 
ST903X-EMU/220 Complete Emulator for ST903X devices with Extension Board, 
ST903X-EMU/110 including Software Tools (not C compiler) for MS-DOS operating system 
ST904X-EMU/220 Complete Emulator for ST904X devices with Extension Board, 


ST902X-HDS/220 Hardware Development System for ST902X devices with Debugger only 
ST902X-HDS/110 
ST903X-HDS/220 Hardware Development System for ST903X devices with Debugger only 
ST903X-HDS/110 
ST904X-HDS/220 Hardware Development System for ST904X devices with Debugger only 
ST904X-HDS/110 
ST905X-HDS/220 Hardware Development System for ST905X devices with Debugger only 
ST905X-HDS/110 


Extension Board for ST905X devices (upgrade part) 


ST904X-EMU/110 including Software Tools (not C compiler) for MS-DOS operating system 


ST905X-EMU/220 Complete Emulator for ST905X devices with Extension Board, 
ST905X-EMU/110 including Software Tools (not C compiler) for MS-DOS operating system 
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SOFTWARE DEVELOPMENT TOOLS FOR ST9 MCU FAMILY 


« ST9 Macro Assembler 

= ST9 Linker/Loader 

= ST9 Library Archiver 

=» ST9 Software Simulation 


GENERAL DESCRIPTION 


Full software development is achieved using the 
ST9 Software Development Tools. This follows for 
the optional C Compiler, through the High Level 
Macro Assembler, Linker/Loader, Library Archiver 
and Software Simulator. 


ST9 Macro Assembler 


The ST9 Macro Assembler accepts one or more 
source files written in ST9 assembly language and 
transforms them into linkable object files. The as- 
sembler recognizes the use of symbols, macros, 
pseudo-instructions, pseudo-macros, and condi- 
tional assembly directives. 


Figure 1. Development Flow Chart 


1 C COMPILER | 


See eed 


SOURCE CODE 


AST 
MACRO ASSEMBLER 


OBJECT FILE 


LIBRARY ARCHIVER 


LST9 
LINKER/LOADER 


ST9 Linker/Loader 


The ST9 Linker/Loader combines a number of ob- 
ject files into a single program, associating an ab- 
solute address to each section of code, and 
resolving any external references. LST9 may be 
used to generate: a binary or hexadecimal output 
module, a map file, and an object file. 


ST9 Library Archiver 


The ST9 Library Archiver maintains libraries of soft- 
ware object files, allowing the user to develop stand- 
ard modules for repetitive use. 


ST9 Software Simulator 


The ST9 Software Simulator allows the user to 
debug and execute any program written for any 
member of the ST9 family of microncontrollers with- 
out the aid of additional hardware. The simulator 
functionally duplicates the operation of the ST9 and 
completely supports the instruction set. 


LIBRARY FILE (SOURCE) 


LISTING 


SYMBOL TABLE 


MAP LISTING 
TRACE LISTING 


INCREMENTAL LINK 


HEXADECIMAL FILE OBJECT CODE SYMBOL TABLE 


EPROM/ROM 
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AST9 - ST9 MACRO ASSEMBLER 


= Accepts one or more source files written in ST9 
assembly language and produces an object file, 
a listing file, an alphabetical symbol table, and 
error diagnostics 

= Resulting object files are linkable and relocatable 

= Supports program segmenting directives 

= Recognizes user defined macros, macro libraries, 
Conditional assembly directives, pseudo-instruc- 
tions, and pseudo-macros 

= Supports indirect command files 


Figure 2. AST9 Pseudo-Instructions 


-ascil 
-aSciz 
-blkb 
-blkw 


General Description 


The ST9 Macro Assembler (AST9) accepts one or 
more source files written in ST9 assembly language 
and transforms them into linkable object files. Mo- 
dules written in assembly language are much easier 
to write, read, and debug than the equivalent ma- 
chine code. Furthermore, the assemblers use of 
symbols, macros, pseudo-instructions, pseudo- 
macros, and conditional assembly directives, 
allows for even easier program development. 


stores a string aS a sequence of ascii codes 
same as above followed by a null character 
allocate bytes of data storage 

allocate words of data storage 


.bss defines segment as type bss (uninitialized data) 


.byte 
.data 
.defstr 
-endc 
-endm 
-error 
-extern 
-global 


end of a macro 


stores successive bytes of data 
defines segment as type data 
defines a string identifier 

end of a conditional assembly block 


user defined assembly error 
defines symbols as external 
defines specified symbols as global 


Lee beginning of a conditional assembly block 


.library 
-list 
.macro 
-mcall 
.mnarg 


defines a macro 


macro call 


add files to macro-library file list 
enables listing of specified fields 


specifies which macros must be called from library 
assigns to a symbol the number of arguments defined in a 


end of a macro expansion 

disables listing of specified fields 
set current location counter 

start a new listing page 


set listing page length 


assign subtitle to current section 
define segment of type text 
assign title to the document 

store successive words of data 


Figure 3. AST9 Pseudo Macros 


jxcc symbol 

if [conditional expression] 
if [cond expr] 
while [cond expr] {macro} 

do {macro} while [cond expr] 
loop [loopvar] {macro} 
switch [cp] { 


case cpl: macro 
case cp2: macro 
default: macro 


} 


break 
begin [argl,arg2,...] {macro} 
proc procname [argl,arg2,...] 
return 
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{macro} 


{macrobody } 
{macrobody} else {macro2} 
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LST9 - ST9 LINKER/IOADER 


= Links modules generated by the ST9 Macro As- 

sembler (AST9) encourages modular programm- 

ing 

Supports indirect command files 

Supports 3 sections (text, data, and bss) which 

may be relocated and loaded at different ad- 

dresses. Allows the user to specify the mapping 

of object files into different pages (supports 

8Mbyte addressing of the ST9050). 

=» Extensive symbol manipulation. produces al- 

phabetically or numerically sorted symbol tables 

for addresses, registers, or specifically for 

SIMST9 and SDBST9, strips the symbol table of 

local symbols, global symbols, or both, allows 

definition and tracing of symbols. 

Produces binary or hexadecimal oni modules 

Generates a map file 

Supports incremental linking 

Resolves references to external symbols and 

searches libraries for necessary modules 

= Provides self explanatory error and warning 
messages. 

u Displays the version number and information 
about the various phases of linking 


General Description 


The ST9 Linker/Loader (LST9) is responsible for 
combining a number of object files into a single 
program, associating an absolute address to each 
section of code, and resolving any external refer- 
ences. 


LST9 can be used to create either a binary or 
hexadecimal output module to be used by the ST9. 
The linker/loader will also produce a map file of the 
resulting object which gives information about the 
registers, pages, modules, and labels, or an object 
file which may be used as an input to another call 
to the linker. 


This software program allows the user to develop 
modular programs, which may then be combined 
and addressed as defined by the user. Program 
modularity allows for easier design and testing, as 
well as promotes re-use of standard modules. 
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ARST9 - ST9 LIBRARY ARCHIVER 


= Edits libraries by adding, deleting, moving, or 
replacing files 

= Prints a listing of the names of all files in a library, 
or the table of contents for each file in a library 

= Prints a file contained in a library, or extracts it for 
use without modifying the library 

= Libraries may be called by LST9 to resolve exter- 
nal references. 


General Description 


The ST9 Library Archiver (ARST9) maintains |i- 
braries of software object files, allowing the user to 
develop standard modules for repetitive use. Once 
a module has been inserted into a library, any 
application may call the module. The ST9 Lin- 
ker/Loader (LSTQ) will only call the portions of each 
library that are needed to resolve any external 
references. 


SIMST9 - ST9 SOFTWARE SIMULATOR 


= Supports symbolic debugging and execution of 

any program written for the ST9 family of micro- 

controllers on an IBM PC/XT/AT or compatible 

computer, without the aid of additional hardware. 

Functionally duplicates the operation of the ST9 

family of microcontrollers, and supports the com- 

plete instruction set. 

= Host Memory may be mapped in groups of 1K 
byte as Read-only, Read-write, or Non Existent. 

= Aseries of simulator status commands give the 
user the option of selecting the simulated CPU 
clock frequency, creating a log of the simulator 
session, tracing the executed instructions, or en- 
abling the breakpoints and traps. 

= The simulator has a command line syntax com- 
patible with SDBST9, the debugger for the ST9- 
HDS Hardware Development System, and 
EVMST9, the debugger for the ST9-EVM Evalu- 
ation Module. 

= Apowerful symbol handler allows the user to define 
symbols and macros, extract them from symbol 
table files, and save them in symbol table files. 
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SIMST9 - ST9 SOFTWARE SIMULATOR (Cont'd) 


= Full screen video modes are available for Mem- 
ory, Register, and Single Step Display. 

= An On-line help facility is available to give a listing 

of the complete command set as well as specific 

information on any of the commands. 

Dump and command file capability allow for simu- 

lator session retrieval and easy configuration. 

The simulator provides a symbolic on-line assem- 

_ bler and disassembler. 

= A powerful command interpreter allows for the 
evaluation of complex expressions involving 
numbers, addresses, memory and register con- 
tents, and I/O channel data. 

= 128 software breakpoints and 128 software traps 
are available to the user. 

= A trace is kept during program execution which 

may be displayed afterwards with the traced in- 

structions disassembled into assembler mne- 

monics. 

A wide range of commands are available for 

displaying and setting memory and registers ac- 

cording to different formats. 

Macro commands and conditional block con- 

structs are available for use in automated de- 

bugging sessions. 


Figure 4. SIMST9 Command Summary 


ARCHIVE 
ASM 
BASE 


On-line assembler 
Change base of numbers 


BYE Exit from simulator program 


CLOSE Close I/O channel 


CM Compare memory 
Define symbols and macros 
Define Interrupts 
On-line symbolic disassembler 
Display memory 
Execute macro 

Display register 


DEFINE 
DEFINT 


Save simulator status 
Fill memory 

Fill registers 

Execute program 
On-line help 


Archive symbols and macros 


# |/O channels can be opened for simulation of I/O 
peripheral functions. 

= Interrupts may be defined and set pending to 
simulate the occurrence of an interrupt. 

=» Asimulated clock will use the user assigned clock 
frequency to calculate the real time execution of 
a program. The clock may be displayed or 
changed by the user to perform time measure- 
ments. 


General Description 


SIMST9 allows the user to debug and execute any 
program written for any of the current and future 
members of the ST9 family of microcontrollers, 
without the aid of additional hardware. The simula- 
tor functionally duplicates the operation of the ST9 
and completely supports the instruction set. I/O 
channels may be opened, read, and written, in order 
to simulate the I/O functions of peripherals, while 
interrupts may be set, and then set pending, in order 
to simulate the handling of interrupts. The simulator 
uses the clock frequency assigned by the user, 
along with the number of clock cycles needed by 
each instruction to keep track of the real time ex- 
ecution speed. 


Conditional command execution 


INTERRUPT 
LISTSYMBOL 
LOAD 


Simulate interrupt 
List symbols and macros 


MB Modify breakpoint 
MM Move block of memory 


Load program/data from file 
MAP Set/display memory mapping 
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Figure 4. SIMST9 Command Summary (Continued) 


MT Modify trap 
NEXT Execute program steps 
OPEN Open I/O channel 
PRINT Print strings and values 
QUIT Terminate command execution 
RESET Reset simulated CPU 
RESTORE Restore dump file 
SAVE Save program/data into file 
SB Set/display memory breakpoints 
SEARCH Search a pattern in memory 
Set/reset options 
Set memory 
Set/display registers 
Set/display traps 
Set/display user clock counter 
Display trace 
Remove symbols 
Execute commands from a file 
View execution (video mode) 
View memory (video mode) 
View registers (video mode) 
Display current working register set 
<value> Evaluate expression 
? Display symbols having a given value 


ORDERING INFORMATION 


a 
ST9-SW/PC Macro-assembler/Linker/Simulator on IBM PC XT AT compatibles, 5 1/4 FD 360K 
under MS-DOS operating system 
ST9-SW/VMS Macro-assembler/Linker/Simulator on VAX and MicroVax systems, . | 5 '/4 FD 360K 
under VMS operating system 
ST9-SW/SUN3 Macro-assembler/Linker/Simulator on SUN 3, under the UNIX 5 1/4 FD 360K 
operating system 


ST9-SW/SUN4 Macro-assembler/Linker/Simulator on SUN 4 (SPARC station), 5 '/4 FD 360K 
under the UNIX operating system 
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ANSI C COMPILER FOR ST9 MCU FAMILY 


= Upgraded KERNIGHAN AND RITCHIE C defini- 
tion, respecting ANSI standard X3.159. 

= Optimisation stages using artificial intelligence 

techniques (calculation of costs in terms of code 

size and execution time). 

Versions available for IBM PC or compatible 

under MS-DOS 3.1 and higher, SUN 3 and SUN 

4 (SPARC station) under the UNIX operating 

system and for VAX and microVax under the VMS 

operating system. 

= All standard types allowed (char, int, short, long, 

signed or unsigned). 

"Float" respecting IEEE 754 standard and 

"Double" types allowed. 

Many library functions implemented in assembler 

code for increased code and execution time effi- 

ciency e.g. string handling, conversion, !/O rou- 

tines. 

Generates an assembly language source file, 

interleaving C lines and assembly language lines. 

« Direct access to the Register File of the ST9, 
allowing access to all on-chip peripherals and 
features of the STQ. 

= Extensions for Real Time Interrupt handling. 

= Pre-processor included for standardisation and 
increased readabilty and portability. 

= Available with Macro-Assembler, Linker and Sym- 
bolic Software Simulator. 

= Fully compatible with the ST9 Hardware Develop- 
ment System supporting symbolic debug and 
source code high-level debugger. 


GENERAL DESCRIPTION 


The ST9 ANSI C Compiler allows the programmer 
to write C source code and produce assembly lan- 
gage source programs. Used with the assem- 
bler/linker, it allows the possibility to generate object 
code executable for all members of the ST9 micro- 
controller family. The generated object code may be 


December 1990 


used for symbolic debugging with the software 
simulator and hardware debugger/emulator, to 
generate test EPROM devices for prototyping, or to 
produce ROM mask data. It takes into account all 
the advanced features of the ST9 family (interrupt, 
Register File access, memory pages access). The 
high-level language C Compiler has been designed 
to provide the greatest flexibility of use. 


The user can either run the complete software with 
only one simple command, or run each step of the 
compiler separately: pre-processor, analyser, 
coder, optimizer. 


The ST9 ANSI C Compiler is delivered with a stand- 
ard initialisation file to be linked with the customer 
application. This file allows the setting of BSS and 
DATAsections and stack pointers, as well as periph- 
eral startup code. 


STANDARD 


The ST9 ANSI C Compiler is an implementation of 
the X3.159 ANSI standard (issued from X3J11 draft 
proposal), which includes and exceeds the Kernig- 
han and Ritchie specification. For example : 
"CONST" and "VOLATILE" qualifiers and function 
prototyping. 


The ST9 ANSI C Compiler implements the features 
most often needed by microcontroller develop- 
ments: interrupt handling, Register File access, far 
function declarations. 


LICENSE 


The ST9 ANS! C Compiler is delivered under license 
for one user only. Upgrading of new releases will be 
made to each registered user, free of charge, for a 
duration of 12 months starting from the date of the 
return of the Registration Card. 
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Figure 1. ST9-C Flow Chart 


"C” MACRO MODULES "C” USER SOURCE CODE 


PRE—PROCESSOR 
ST9 "C” COMPILER 
ST9 ASSEMBLY SOURCE FILE 


MANUAL MODIFICATION 
ALLOWED IF NECESSARY 


AST9 MACRO ASSEMBLER 


OBJECT FILE 


OTHER ASSEMBLED FILES LIBRARY MODULE 


LST9 INCREMENTAL LINKER if 


EXECUTABLE BINARY FILE 


SIMULATOR 
OR 
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ORDERING INFORMATION 


[rennomber [ewan 

ST9-SWC/PC C Compiler/Macro-assembler/Linker/Simulator on IBM PC XT, AT and 5'/4 FD 360K 

compatibles, under MS-DOS operating system 

ST9-SWC/VMS C Compiler/Macro-assembler/Linker/Simulator on VAX and MicroVax 51/4 FD 360K 

systems, under VMS operating system 

ST9-SWC/SUN3 C Compiler/Macro-assembler/Linker/Simulator on SUN 3, under the UNIX 51/4 FD 360K 
operating system 


ST9-SWC/SUN4 C Compiler/Macro-assembler/Linker/Simulator on SUN 4 (SPARC station), 5'/4 FD 360K 
under the UNIX operating system 

ST9-C/PC C Compiler Only for IBM PC XT, AT and compatibles, under MS-DOS 51/4 FD 360K 
operating system. 

ST9-C/VMS C Compiler Only for VAX and MicroVax systems, under VMS operating 5'/4 FD 360K 
system. 


ST9-C/SUN3 ~ |C Compiler Only for SUN 3, under UNIX operating system. 5'/4 FD 360K 
ST9-C/SUN4 C Compiler Only for SUN 4 (SPARC station), under UNIX operating system. | 5'/4 FD 360K 
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Boulder (303) 449-9000 


ILLINOIS 
Schaumburg - (708) 517-1890 


INDIANA 
Kokomo - (317) 459-4700 


MASSACHUSETTS 
Lincoln - (617) 259-0300 


MICHIGAN 
Livonia - (313) 462-4030 


NEW JERSEY 
Voorhees - (609) 772-6222 


NEW YORK 
Poughkeepsie - (914) 454-8813 


NORTH CAROLINA 
Raleigh - (919) 787-6555 


TEXAS 
Carrollton - (214) 466-8844 


FOR RF AND MICROWAVE 
POWER TRANSISTORS CON- 
TACT 

THE FOLLOWING REGIONAL 
OFFICE IN THE U.S.A. 


PENNSYLVANIA 
Montgomeryville - (215) 362-8500 


ASIA / PACIFIC JAPAN 


AUSTRALIA TOKYO 108 
Nisseki - Takanawa Bld 4F 
NSW 2027 EDGECLIFF 2-18-10 Takanawa 


Suite 211, Edgecliff centre Minato-Ku 

203-233, New South Head Road Tel (81-3) 3280-4121 

Tel. (61-2) 327.39 22 Telefax. (81-3) 3280-4131 
Telex. 071 126911 TCAUS 
Telefax (61-2) 327 61.76 


HONG KONG 


WANCHAI 

22nd Floor - Hopewell centre 
183 Queen's Road East 

Tel. (852-5) 8615788 

Telex: 60955 ESGIES HX 
Telefax (852-5) 8656589 


INDIA 


NEW DELHI 110001 
LiasonOffice 

62, Upper Ground Floor 
World Trade Centre 
Barakhamba Lane 

Tel 3715191 

Telex: 031-66816 STMI IN 
Telefax 3715192 


MALAYSIA 


PULAU PINANG 10400 

4th Floor - Suite 4-03 

Bangunan FOP-123D Jalan Anson 
Tel (04) 379735 

Telefax (04) 379816 


KOREA 


SEOUL 121 

8th floor Shinwon Building 
823-14, Yuksam-Dong 
Kang-Nam-Gu 

Tel. (82-2) 553-0399 
Telex SGSKOR K29998 
Telefax: (82-2) 552-1051 


SINGAPORE 


SINGAPORE 2056 

28 Ang Mo Kio - Industrial Park 2 
Tel (65) 4821411 

Telex: RS 55201 ESGIES 

Telefax (65) 4820240 


TAIWAN 


TAIPEI 

12th Floor 

571, Tun Hua South Road 
Tel (886-2) 755-4111 
Telex: 10310 ESGIE TW 
Telefax (886-2) 755-4008 


Information furnished is believed to be accurate ‘and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility for the 
consequences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No 
license is granted by implication or otherwise under any patent or patent rights of S@S-THOMSON Microelectronics. Specification mentioned 
in this publication are subject to change without notice. This publication supersedes and replaces all information previously supplied. 
SGS-THOMSON Microelectronics products are not authorized for use as critical components in life support devices or systems without express 
written approval of SGS-THOMSON Microelectronics. 
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GENERAL INDEX 


Type Package 
Number Number 


$T9026/9027/9028 16K EPROM With RAM 

ST90E26/90E27/90E28 | 16K EPROM With RAM 

ST90T26/90T27/90T28 | 16K OTP EPROM With RAM 

ST90R26 ROMLESS With RAM 

$1T9030/9031 8K ROM With A/D 

ST90E30/90E31 8K EPROM With A/D 

ST90T30/90T31 

ST90R30 

ST9036 

ST9040 16K ROM With EEPROM, RAM And A/D 
STS0E40 16K EPROM With EEPROM, RAM And A/D 
ST90T40 16K OTP EPROM With EEPROM, RAM And A/D 
ST90R40 ROMLESS With EEPROM, RAM And A/D 
ST90R50 ROMLESS With Bankswitch, RAM And A/D 
ST9054 32K ROM With Bankswitch, RAM And A/D 
ST90E54 32K EPROM With Bankswitch, RAM And A/D 
ST90T54 32K OTP EPROM With Bankswitch, RAM And A/D 


DEVELOPMENT TOOLS 


ST9-EVM Evaluation Module 
ST9-EPB EPROM Programming Board 


ST9-HDS Hardware Development System 
ST9-SW Software Development Tools 
ST9-C Ansi "C" Compiler 
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SELECTION GUIDE 


SELECTION GUIDE 


wp | ess MB" |HsH| PACKAGE 
40 1 | PDIP48 
PDIP40 
PLCOC44 
CDIP48-W 
CDIP40-W 
CLCC44-W 
PDIP48 
PDIP40 
PLCC44 
PDIP48 
PLCC68 


rv ors 
1 


1 


—_k 


$T9027 
ST9028 
ST90E26 
ST90E27 
ST90E28 
ST90T26 
ST90T27 
ST90T28 
ST90R26 
ST9030 


ST9031 | 8K PDIP48 

ST90E30 8K CLCC68-W 

ST90E31 8K CDIP48-W 

ST90T30 8K PLCC68 

ST90T31 8K PDIP48 

ST90R30| — = PLCC68 

tek | | 2586 

16K 256 512 PLOC68 


STSOE40 
ST90T40 


CLCOC68-W 
PLCC68 


a; Ah oF of Oo] BB 
Oro DOD DD DM! O 


ST90R40| — = 256 912 PLCC68 
istoonso| - | - | | 
32K 


PLOC84 
CLOC84-W 
PLOC84 


ST9054 
ST90E54 
ST90T54 
Note: All devices have 256 byte Register File with 224 General Purpose Registers (Accumulators/RAM). 


32K | 1280 
32K | 1280 


— 
No 
(eo) 
oO 


Key: TWD _ Timer/Watchdog SCl Serial Communications Interface 
SPI Serial Peripheral Interface A/D 8 bit 8 channel A/D Converter 
MFT Multi-Function Timer BSS ___ Bankswitch logic 16M byte address range 
/O in: TLL/CMOS, Out: OD/PP HSHK  # Ports with Handshake capability 


Alternate Functional Peripheral 
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